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Abstract 
High grade gold mineralization at Porgera is the result of two spatially and temporally 
distinct mineralization events referred to as stages I and II. Stage I mineralization resulted 
in the formation of pyrite, Fe-rich sphalerite and galena rich vein sets, spatially associatecj. 
with intrusions, and hosted in intrusions, the surrounding altered sediment and 
calcareous black shale. Early sulphide rich veins (A/B veins) contain several grams of 
Au/tonne but due to their scattered nature do not constitute high grade ore. The fluid 
responsible for this mineralization contained about 1 molal NaCl (corrected for C02 after 
Richards and Kerrich, 1993), a minimum of 2 molal C02, had an average Th of about 
280°C (Richards et al., 1993) and was relatively reduced. Stage II mineralization which 
constitutes the bulk of the high grade ore is hosted in banded quartz and quartz-roscoelite-
pyrite-barite breccia veins (D veins), which are spatially associated with the Roamane 
Fault. Altered sediment and intrusive rock are the main host to stage II mineralization. 
Fluid inclusion data from stage II quartz yields a bimodal salinity at 4.2 and 7 .8 wt % 
NaCl equiv, and an average Th of 145°C (Richards et al., 1993). The C02 content of 
these fluids is extremely variable ranging up to at least 2 molal. High grade ore shoots 
occur at the intersection of stage I and II veins sets. Munroe ( 1996) concluded that the 
Roamane Fault was not active during stage I, but was the main spatial control upon 
development of stage II mineralization. 
Stage I mineralization is hosted in and disseminated about A and B veins. In these veins 
quartz and carbonate are intimately intergrown with stage I sulphide but are rarely 
observed in equilibrium with sulphide. Textural evidence shows that pyrite, sphalerite, 
galena and arsenopyrite are aggressively replaced by quartz and carbonate. No evidence 
was found to support the existence of early A vein quartz and all gangue in these veins is 
interpreted to postdate pyrite, sphalerite and galena. It is inferred that sulphides formed 
early, in stage I, and were dissolved during stage II quartz and carbonate deposition. 
Evidence from this study suggests that all quartz and carbonate in A veins is temporally 
equivalent to material in the more spatially restricted stage II D veins. 
Alteration of the sediments was one of the earliest hydrothermal events and predates stage 
I. It is associated with the bleaching of black shales along thin grey pyrite veinlets termed 
G stringers, and may be equivalent to Richards and Kerrich's propylitic alteration of the 
intrusive phases. This alteration is associated with gains in K10, Rb, Ba, and As; and 
losses in Na20, Cao, C02, Pb, Zn, and Sr. Local geometry, relative paragenetic 
position and geochemistry suggest that the fluids responsible for this early alteration of 
the sediments emanated from the currently exposed intrusions. Intrusive rocks are altered 
next to both AIB (stage I) and D (stage II) veins. Altered selvedges next to both vein 
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types have undergone gains in K10, C02, H10, Pb, As and S and losses in Na20, Sr 
and Ba. 
Electron microprobe analyses of stage II D vein pyrite indicate highly anomalous gold 
and arsenic values of up to 0.9 wt% Au and 7.7 wt% As. The highest values (both Au 
and As) are found in the high grade M126/Roamane Fault veins as well as A-D 
intersections. In A vein pyrite, gold is below detection and arsenic ranges from 300 ppm 
to 2.4 wt %. X-ray images of D vein pyrite for Au, As and Cu show well developed 
growth banding - with Au and As showing a moderate correlation. These images suggest 
that Au, As and Cu occur in solid solution within the pyrite structure. 
Bulk ()34S analysis of Stage I and Stage II pyrite by Richards and Kerrich (1993) gave 
values of +3 to +5 per mil and -14 to -10 per mil respectively. SHRIMP sulphur isotope 
analysis (this study) of Stage II pyrite yielded ()34S values ranging from -18 to -14 per 
mil. Pyrite from the early G stringers returned SHRIMP ()34S values of -4 per mil 
whereas bulk sulphur analyses returned values ranging from -1.2 to 3.7 per mil. While 
G stringers are not strongly negative they are more negative than the bulk rock values for 
stage I sulphides. These data indicate reducing fluids during stage I, oxidizing fluids 
during Stage II and an intermediate redox state for the early pre-stage I fluids . 
Since there are no thermodynamic data available for roscoelite and the only data available 
for other vanadium species are at 25°C, it was necessary to construct a thermodynamic 
data set to estimate the relative stability of roscoelite and other vanadium species inf 0 2-
pH space at temperatures up to 300°C. Results indicate that at neutral to even moderately 
acidic pH, vanadium is only mobile under oxidizing conditions and that roscoelite is 
stable under reducing conditions. This suggests that vanadium would be effectively 
transported by an oxidizing fluid and may be fixed as roscoelite upon reduction. 
It is proposed that Porgera evolved initially during stage I, within the Pb-Zn rich 
moderately distal reaches of a porphyry hydrothermal system, beneath a regionally 
extensive tectono-stratigraphic boundary. Base metals and gold were complexed as 
chloride and sulphide respectively, and were deposited through passive boiling of a C02 
rich moderately saline fluid at about 280°C and under pressures approaching lithostatic. 
Rupture of the Roamane Fault resulted in pressure drop and associated throttling and 
adiabatic decompression of the fluid, which prematurely ended the stage I hydrothermal 
system. Fluid that originally deposited base metal sulphide and gold in the early veins, 
immediately began dissolving both, and simultaneously deposited quartz and carbonate as 
the fluid flowed into low pressures zones along the Roamane Fault. Here, the same fluid 
further decompressed and continued to deposit barren quartz and lesser carbonate. 
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Decompression also permitted deeper sourced, fresh, oxidized magmatic fluid to quickly 
achieve similar levels within the Roamane Fault and mix with the reduced pregnant ore 
bearing fluid. Mixing of the two fluids at the intersection of stage I and II structures 
resulted in oxidation of the reduced gold bearing fluid and precipitation of the high grade 
gold rich quartz-roscoelite layers. That gold was carried in the reduced rather than the 
oxidized fluid is evidence by the replacement of pyrite by gold within the assemblage 
quartz-roscoelite-pyrite-barite. 
Key elements of the model are the carbonate rich host rocks, the C02 rich (high fluid 
pressure) composition of the early fluid and the presence of a regionally extensive 
pressure seal. Rupture of the Roamane Fault breached the seal causing rapid 
decompression of the fluid and loss of both C02 and H2S to the vapour phase which 
resulted in the dissolution of both sulphide and gold. Most previous studies of boiling 
hydrothermal systems emphasize the potential of boiling to deposit metals (Drummond, 
1981; Drummond and Ohmoto, 1986; Cole and Drummond, 1986; Reed and Spycher, 
1985). The current study emphasizes the potential of boiling to dissolve and remobilize 
both base metals and gold. Whether boiling results in sulphide deposition or dissolution 
is related to the relative balance between C02 loss (favouring pH increase and deposition) 
and H2S loss (favouring dissolution). Small amounts of boiling (- 5%) favour sulphide 
and gold deposition whereas large amounts of boiling/throttling (> 10%) favour 
dissolution. Reaction path modelling of various boiling scenarios has indicated that both 
sulphide and gold dissolution may be expected from a boiling fluid whose pH is buffered 
by the surrounding host rock. At Porgera it is suggested that boiling under similar 
conditions led to the remobilization of a significant proportion of the widely distributed 
stage I gold and its subsequent redeposition, through mixing induced oxidation, in a 
more concentrated form within a much smaller area. 
In the New Guinea Highlands most of the major Au/Cu deposits show a close spatial 
relationship to the contact between Tertiary Limestone and underlying Mesozoic elastic 
sediments. It is suggested that: (1) this contact/decollement surface acted as a major 
barrier to fluid flow causing a major discontinuity in fluid pressure of evolving 
hydrothermal systems; and (2) rupture of this contact lead to large scale decompression of 
large overpressured hydrothermal fluid reservoirs which lead to focussing of large 
amounts of fluid which simultaneously dissolved pre-existing sulphide and Au. 
The physical parameters necessary for decompression induced remobilization of gold are 
commonly achieved in hydrothermal systems. Many of the Carlin type deposits have 
similar characteristics (to those at Porgera) which include: (1) calcareous shale host rocks 
beneath regionally extensive tectono-stratigraphic boundary; (2) early widely dispersed 
Abstract Page iv 
disseminated/veinlet hosted mineralization deposited by early C02 rich fluids; and (3) 
later overprinting spatially restricted gold rich mineralization associated with arsenical 
pyrite within a relatively oxidized assemblage. In the Carlin type deposits it is possible 
that remobilization/leaching affected distal sediments as well as early scattered base metal 
sulphide mineralization (this is also a possibility at Porgera). 
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1 Introduction 
The Porgera gold deposit, located in the highlands of Papua New Guinea (Fig.1, 5°28'S 
Lat. and 143°05'E Long.), is a world class orebody which has produced over 6 million 
ounces of gold since its opening in late 1990. As of July 1997 proven and probable 
reserves were quoted at 82.6 million tonnes at 4.4 grams/tonne (- 11.6 million ounces, 
Gold Gazette, v. 4, no. 50, July 1997). The property is currently owned by Placer 
Niugini (25 % ), Placer Dome Inc (25 % ), Goldfields Ltd (25 % ), Oro gen Minerals Ltd 
(15 %) and Mineral Resources (Porgera) Pty Ltd (10 %). Gold mineralization consists of 
hydrothermal lodes which are spatially and temporally associated with a late Miocene 
(6Ma; Richards, 1990) suite of sodium rich gabbroic intrusive stocks. These intrusions 
were emplaced into the Jurassic-Cretaceous sediments of the Om and Chim formations. 
In recent years there have been several significant contributions to the understanding of 
Porgera geology and geochemistry (Fleming et al.,1986; Handley and Bradshaw, 1986; 
Richards, 1990; Richards 1992; Richards and McDougall, 1990; Richards, Chappell and 
McCulloch, 1990; Richards, McCulloch, Chappell and Kerrich, 1991; Richards and 
Kerrich, 1993, Standing, 1994 and Richards, Bray, Channer and Spooner, 1997). The 
current study is in the fortunate position to be able to use and build upon these 
contributions, however, despite a significant amount of work over several years, the 
specific issue of gold deposition has received only brief attention. It was against this 
background that the current geochemical investigation along with a companion project 
focussed on the structural aspects (Stuart Munroe, PhD), were conceived by John 
Walshe, Christoph Heinrich, Greg Hall, Vic Wall and Ron Stewart over four years ago. 
It was envisaged that this dual approach would lead to a more comprehensive 
understanding of the salient geochemical/structural mechanisms which were directly 
responsible for the deposition of large quantities of gold at Porgera. Both projects have 
received generous financial, logistical and intellectual support from the Porgera Joint 
Venture who recognized the relevance of the projects to the development of new 
exploration concepts. 
Key questions concerning the origin of Porgera that will be addressed in this thesis are: 
• Why is Porgera so big? 
• Is Porgera unique, or is it simply a result of the same processes which operate in 
smaller gold deposits but on a much larger scale? 
• Is an enriched source region a necessary pre-requisite or is Porgera simply the result 
of an extremely efficient enrichment processes, or a combination of both? 
• What is the relationship between structure and geochemistry? 
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• What physical/chemical mechanisms are responsible for the high grade gold 
mineralization? 
• What are the main exploration criteria for the targeting of other Porgera like 
orebodies? 
Concerning the question of process versus source it is worth noting that even at 
background concentrations of 4 ppb there are 1 million ounces of Au contained in a cube 
of rock 1.5 km on a side. Thus, a readily available source of Au should not be a major 
difficulty if an extremely efficient enrichment process is envisaged. In general, source 
rocks typically vary from a background of - 2 ppb to an enriched value which might be as 
high as - 25 ppb. Gold depositional processes, on the other hand, have the potential to 
cause enrichments on the order of 10 to 10,000 times. It is suggested that small 
variations in process efficiency could potentially overwhelm even large variations in 
source rock concentration. This is not to say that an enriched source rock is not an 
important aspect of some ore forming systems, it simply suggests that in some systems 
under the right conditions, process may play a leading role. 
This thesis is divided into two halves. The first half describes the geology, paragenesis 
and basic whole rock and mineral chemistry, using both observations made in this study 
as well as those of others. At the conclusion of the first half the geological information is 
subsequently used to constrain a genetic model for the evolution of the Porgera 
hydrothermal system. The introduction of a model at this stage in the thesis may seem 
pre-mature, however, it is believed that this approach leads to a smooth and logical 
presentation of data and ideas. The second half of the thesis deals with the more detailed 
topics of fluid inclusions, stable isotope chemistry and vanadium geochemistry, which are 
followed by a comparison between Porgera and gold deposits of the Carlin district in 
north central Nevada. Finally a model is proposed for the origin of sediment hosted gold 
deposits. 
The advantage of this approach is that the main elements of the model are built primarily 
upon geologic observations which are so remarkably preserved at Porgera. Once the 
geologic framework is established the various geochemical systems are more easily 
understood and their interrelationships deduced. 
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2 Regional Geology and Tectonics 
The geology and tectonic history of Papua New Guinea has been described by several 
authors. Some of the more recent contributions include, Jenkins (1974), Hamilton 
(1979), Audley-Charles (1983, 1984), Davies (1983), Ripper and McCue (1983), 
Hobson (1986), Cooper and Taylor (1987), Hill and Gleadow (1989), Davies (1990), 
Hill (1990, 1991), Home et al. (1990), Smith (1990), Struckmeyer et al. (1990), and 
Abbers and McCaffrey (1994). The first half of this chapter will discuss the large scale 
tectonic evolution of Papua New Guinea and the second half will describe the regional 
geologic evolution of the Porgera area focussing on the Papuan Fold and Thrust Belt 
which hosts the Porgera gold deposit. 
The geology of Papua New Guinea has been determined by its position on the 
northeastern margin of the Inda-Australian plate and by the evolution of this plate margin 
caused by the combined effects of sedimentation, magmatism, and divergent and 
convergent tectonic forces at different times during the Mesozoic and Cenozoic. Figure 
RG-1 shows the present day configuration of tectonic provinces and plate boundaries. 
Present day convergence between the Inda-Australian plate and the Pacific plate is 
approximately 10 to 12 cm per year along a 070° azimuth (Smith, 1990). Subduction is 
currently taking place along the New Guinea Trench where the Caroline plate is being 
subducted southward beneath Irian Jaya, and along the New Britain Trench wh~re the 
Solomon Sea plate is being subducted northward beneath New Britain. Southward 
subduction of the Solomon Sea plate along the Trobriand trench and beneath Papuan 
Peninsula, has recently slowed to the point where very little seismic activity is currently 
observed (Cooper and Taylor, 1987). Uplift of the Huon Peninsula is still occurring (as a 
result of collision) and sea floor spreading centers located beneath the Bismarck Sea and 
the Solomon Sea (Woodlark Basin) have a back-arc relationship to the New Britain and 
Trobriand trenches respectively. The area is host to several active volcanic arcs and 
centers. 
A detailed compilation of seismic data (Cooper and Taylor, 1987) has identified the 
remnants of a convex upward slab of doubly subducted Solomon Sea plate beneath 
mainland Papua New Guinea. This arching remnant of oceanic lithosphere becomes 
progressively deeper westward but has not been detected west of 143° east longitude. 
The New Britain and Trobriand trenches intersect in the Huon Gulf where collision of the 
Melanesian Arc with the Inda-Australian plate is just beginning above a doubly 
subducting Solomon Sea plate. Further west the suture is marked by the Ramu-Markham 
Fault Zone which is still active as far as 143° east longitude but is aseismic beyond this 
(Cooper and Taylor, 1987). From an understanding of present day tectonic motions it is 
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clear that collision has proceeded from northwest to southeast through time, and that the 
Solomon Sea plate has been consumed (zipped up) from the northwest to the southeast as 
the New Britain trench and the Trobriand trench are welded along the Ramu Markham 
Fault Zone. The island of New Britain has undergone anticlockwise rotation and 
southward migration away from its original position along strike from New Ireland (due 
to back-arc spreading and transform faulting in the Bismarck Sea). 
Four main tectono-stratigraphic provinces are generally recognized in Papua New Guinea 
(Figure RG-1); from the southwest to the northeast these are, the Fly Platform, the 
Papuan/ Aure Fold and Thrust Belt, the Central Orogenic/Obduction Complex, and the 
Aldebert-Finisterre-Huon-New Britain (Melanesian) arc. The Fly Platform in the 
southeast consists of a foreland area of continental shelf upon which marine sediments 
have accumulated since the Mesozoic. The Fold and Thrust Belt has a valley and ridge 
topography and consists of a similar package of sediments but also includes more 
marginal, slope, trough and basinal sediments which accumulated further northeast. 
These sediments have undergone considerable tectonic shortening (up to 100 km, 
Hobson, 1986, Hill, 1991) as the result of late Miocene to Recent (Abers and McCaffrey, 
1994) collision with the Melanesian Arc to the north. The Central Orogenic/Obduction 
Complex is the mobile belt representing the suture between the two terranes. It is bound 
to the south by the Laigaip-Bismarck strike slip fault system and to the north by the north 
dipping Ramu-Markham fault zone. The belt contains a number of Tertiary batholiths and 
allocthonous ultramafic bodies (ophiolites) which are hosted in a highly deformed mixed 
sequence of metamorphics, volcanics/volcaniclastics and sediments. The Melanesian arc 
terrane represents the volcanic arc which has collided with and been thrust over the 
Central Orogenic/Obduction Complex to the southeast along the Ramu Markham Fault. 
The following description of tectonic history and regional geology is based entirely upon 
the work of others (see above). 
2. 1 Tectonic History 
Late Carboniferous to early Permian breakup of eastern Gondwanaland resulted in the 
separation of Central Tibet, Indochina, and Pacifica fragments from the Indo-Australian 
Plate (Audley-Charles et al., 1983). Rifting of the Papuan Basin began in middle to late 
Triassic and was followed by late Jurassic breakup. Mesozoic sediments comprise a 1-10 
km transgressive/regressive sand/shale sequence that thickens to the northeast toward the 
hinterland. Sediments range from shallow shelf facies elastics in the southwestern shelf 
area, to slope and basinal facies elastics progressively northeast towards the hinterland 
(Davies, 1990). The pre-Mesozoic basement consists of Paleozoic and possibly some 
Precambrian metamorphics as well as Paleozoic and Permo-Triassic intrusive and 
volcanic rocks (Davies, 1990). 
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Stratigraphic relationships among shelf, slope and basinal environments are summarized 
in Figure RG-2 (after Davies, 1990, and Smith, 1990), and a reconstruction of the 
Paleocene to Recent tectonic evolution has been reproduced in Figure RG-3 after Smith 
(1990). 
2.1.1 Middle Triassic to middle Jurassic - early rifting and subsidence 
Early Mesozoic sedimentation along the northeastern continental margin was in response 
to an extended period of subsidence related to rifting and extension which began in the 
middle to late Triassic and continued until middle Jurassic times. The development of 
extensional faults, such as the Darai Fault (subsequently reactivated during Miocene 
compression) in the southern highlands, were the major basin forming structures and 
exerted strong control upon the thickness of sediment accumulation. This period of 
rifting saw deposition of the late Triassic Kana volcanics (200-3500 m, Home et al., 
1990) and Jimi Greywacke (up to 800 m, Davies, 1990) unconformably (unconformity at 
the Triassic-Jurassic boundary) overlain by the early Jurassic Balimbu Greywacke (up to 
300 m, op. cit.). Home et al. (1986) suggest the existence of a volcanic archipelago in 
the Kubor area during late Triassic time. 
2.1.2 Middle Jurassic to middle Cretaceous - breakup, seafloor spreading and continued 
subsidence 
Seafloor spreading to the north and east of PNG began in middle Jurassic ( Home et al., 
1990) and corresponds to a breakup unconformity at that time. Continued spreading saw 
the development of a passive continental margin which continued subsiding to at least 
middle Cretaceous times. This period began with a middle to late Jurassic dominantly 
transgressional marine sequence consisting of the sand and shale members (230-2,200m) 
deposited in a marginal shelf environment to the southwest, and the Om Formation and 
Maril Shale (>5000 m, combined thickness) deposited in a slope and basinal environment 
to the northeast (Davies, 1990). Continued transgression during the early to middle 
Cretaceous has led to deposition of the lower part of the Ieru Shale (900-1500 m) on the 
shelf and the Kerabi (2100 m) and Kondaku Formation (tuffaceous, 2450 m) in the slope 
and basin respectively (Davies, 1990). Intermittent volcanic activity continued and was 
particularly active in late early Cretaceous (Albian). Smith (1990) suggests that volcanism 
was related to the presence of a south dipping subduction zone initiated sometime in the 
early Cretaceous. The Jurassic shelf edge is marked by the transition to deeper water 
elastic shelf sediments of the Om Formation. 
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2.1.3 Late Cretaceous - rifting of the Coral Sea, renewed extension and subsidence 
Rifting, which preceded opening of the Coral Sea to the southeast, resulted in renewed 
extension and re-activation of pre-existing faults. Smith ( 1990) suggests that rifting may 
have been related to back-arc spreading behind a Cretaceous-Paleocene arc above a south 
dipping subduction zone (a similar scenario has been proposed for the origin of the 
Tasman Sea; Smith, 1990). Continued marine transgression until the late Cretaceous saw 
deposition of the upper part of the Ieru Formation shale in the southwest and the Chim 
Formation shale within the shelf margin and basin environment to the northeast. 
2.1.4 Paleocene to early Eocene - breakup of the Coral Sea uplift and erosion to the 
southeast 
The onset of seafloor spreading between Australia and Antarctica in the early Paleocene 
resulted in the northward movement of the Inda-Australian plate (Cande and Mutter, 
1982). Between about 60 and 50 Ma, uplift associated with the breakup of the Coral Sea, 
resulted in a major erosional unconformity developed on late Cretaceous Ieru and Chim 
Formation shales (Home et al., 1990). Uplift was greatest in the south and Paleocene 
sedimentation was restricted to deposition of elastic and volcaniclastic sediments along the 
northeastern margin. Northeast trending transform faulting is related to breakup and 
extension, and has led to the development of the Aure Trough and the divergent evolution 
of the Papuan and Aure Thrust Belts. 
Paleocene volcanism above the proposed south-dipping subduction zone continued until 
early Eocene when the trench became jammed with blocks of more buoyant material 
(Smith, 1990). 
2.1.5 Middle Eocene to late Oligocene - gradual renewed subsidence 
To accommodate continuing convergence southward subduction was initiated along the 
north facing Melanesian arc (ie Pacific Plate subducted southwest) which in turn gave rise 
to the Solomon Sea oceanic plate through back-arc spreading. Eventually continued back-
arc spreading gave rise to a period of gradual renewed subsidence which led to the 
deposition of deep shelf facies Mendi Group shale and limestone (up to 1500 m thick). 
As the Indo-Australian plate continued its northerly track into more tropical climates 
carbonate deposition replaces elastic, giving rise to the paraconformably overlying 
Oligocene to early Miocene Nembi (-400 m; a deeper shelf facies Darai equivalent) and 
Darai Limestones ( -1000 m) which were deposited in the deep shelf and on the Fly 
Platform respectively. 
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The northward migration of south dipping subduction during the late Paleocene to early 
Eocene times may have been due to either a jammed Paleocene subduction zone, as 
suggested above, or alternatively was a case of early Paleogene back arc spreading 
(creating the Solomon Sea plate) which caused a gradual northward migration of the 
subduction zone. 
2.1.6 Early to late Miocene - collision with OJP, abduction and arc reversal, double 
subduction of Solomon Sea plate 
Seismic data from the northwest of the Fly Platform indicate an early Miocene 
unconformity developed within the Darai Limestone which Home, et al. ( 1990) relate to 
early Miocene compression caused by abduction of the Solomon Sea plate onto the 
northern continental margin (the extent of this unconformity increases to the northeast; 
Figure RG-2). This period of abduction has been linked to the collision of the Ontong 
Java Plateau with the Melanesian arc effectively jamming the south dipping subduction 
zone, and initiating arc reversal (and the cessation of spreading in the Solomon Sea plate) 
and northward subduction along what is now known as the New Britain trench (Smith, 
1990). Early Miocene abduction was followed by initiation of southerly subduction of 
the Solomon Sea plate beneath the continental margin resulting in formation of the middle 
to late Miocene Miramuni arc developed upon the Sepik and Owen Stanley Obduction 
Complexes. Double subduction of the Solomon Sea plate led to its rapid consumption 
and the subsequent collision of the Melanesian arc with the continental margin beginning 
in the late Miocene. 
2.1. 7 Late Miocene to Recent - collision 
The Darai Limestone is overlain by the Middle Miocene Pnyang and Lai Siltstone, and the 
Warre and Mala Limestone. These are followed by a major late Miocene erosional 
unconformity attributed to the collision of the Melanesian Arc with the northern Papuan 
margin (Smith, 1990). Collision thrust the allocthonous Aldebert and Finisterre terranes 
southward onto the Central Orogenic Belt along the north dipping Ramu-Markham Fault, 
and was responsible for the development northeast-southwest directed folding and 
thrusting within the Central Orogenic Belt and the Papuan Fold and Thrust Belt. Apatite 
fission track analyses by Hill and Gleadow (1989) indicate that uplift and erosion of the 
Papuan Fold and Thrust Belt took place between earliest Pliocene and present. Loading 
of the continental margin (as a result of collision, Smith, 1990) resulted in formation of a 
foreland (successor) basin and deposition of marine and non-marine elastic sediments 
derived from the accreted island arc terrane in the north (Home, et al., 1990). Collision 
first occurred to the northwest in Irian Jaya and continued to the southeast eventually 
resulting in the present tectonic configuration where collision is beginning in the Huon 
Regional Geology and Tectonics Page 8 
Gulf. The oblique nature of the collision (ie Indo-Australian plate tracking north and the 
Pacific plate tracking west) has resulted in a strong sinistral strike slip component to 
initially thrust induced structures within both the accreted terrane and the mobile belt to the 
south. 
Island arc-continent collision is also responsible for the intrusion of numerous Neogene 
batholiths along the axis of the Central Orogenic Belt. In addition, late Miocene to Recent 
calc-alkaline and lesser alkaline volcanism and plutonism developed across the entire belt 
and occur as far south as the Fold and Thrust Belt. Much of the known base and precious 
metal mineralization (see deposits listed on Figure RG-2 and RG-6) in Papua New 
Guinea is spatially and temporally related to this period of plutonism which is attributed to 
subduction and subsequent partial melting of the vestigial remains of the Solomon Sea 
plate. 
2. 2 Regional Geologic Evolution of the Porgera Area 
As mentioned above, late Miocene to Recent collision was the driving force behind 
folding and southward thrusting in the Papuan Fold Belt. Both Hobson ( 1986) and 
Smith (1991) have estimated as much as 100 km of horizontal shortening in a dominantly 
thin skinned tectonic regime which involves the passive marginal cover sequence to a 
greater degree than basement. As stated by Hobson ( 1986), "The fundamental 
assumption (of thin skinned tectonics) is that tectonic dip in folded sedimentary rocks is 
generated by the movement of strata over irregular fault surfaces, so that the attitude of 
folded beds may be used to infer the geometry of underlying faults." In a series of 
balanced cross sections, Hobson ( 1986) identified several structures which are commonly 
encountered in thin skinned tectonic belts, including listric thrust slices, duplex (Kubor 
Anticline) and passive duplex (Muller Anticline) systems, ramp anticlines (Tege and Soro 
Thrusts), and inversion structures (Darai Plateau). Both Hobson (1986) and Hill (1991) 
show significant basement involvement in thrusting in the core of the Kubor anticline 
(ramp anticline) which accounts for most of the deformation in the fold belt to the 
southwest. 
An important feature of Papua New Guinean geology is the presence of north-northeast 
trending transfer faults (Hill, 1991). Several transfer structures have been identified 
across Papua New Guinea and are shown to exert a strong spatial control upon the 
localization of Cenozoic igneous activity and associated hydrothermal mineral deposits 
(Hill, 1991; Smith 1990; Figure RG-4). These transfers have formed during rifting and 
sea-floor spreading, and have been subsequently reactivated during late Miocene to 
Recent compressional orogeny. Transfer faults are generally d.efined on Landsat images 
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by drainage patterns and may correspond to changes in structural fabric as well as 
sedimentary facies. 
Hill ( 1991) subdivides the Papuan Fold Belt into a strongly folded belt of large anticlines, 
a Darai duplex zone and a distal facies in the northeast as shown in Figure RG-5. Porgera 
lies within the distal facies and would have been very close to the edge of the continental 
shelf which marks the boundary between platform shelf sediments and deeper basinal 
sediments to the northeast. Based on gravity, stratigraphy and physiography, Hill (1991) 
invokes basement involvement in the Darai plateau, the Andabare Laigam plateau (which 
hosts Porgera) and the Om Uplift; actual basement exposures are observed in the Muller 
and Kubor anticlines. Hill (1991) has broken the Papuan Fold Belt into a series of 
discrete tectonic blocks, marked by regional scale facies variations and major structural 
discontinuities. Individual blocks have undergone variable amounts of vertical and lateral 
motion. The boundaries of these tectonic blocks are defined by major northwest trending, 
orogen parallel, thrust faults and major northeast trending lateral ramps, which are most 
likely reactivated transfer faults (active since at least the opening of the Coral Sea). 
Figure RG-6 shows the generalized geology of the Papuan Fold Belt (Hill, 1990) and 
Figure RG-7 shows a balanced cross-section which passes just east of Porgera. The 
Porgera Intrusive Complex (PIC) appears to be unaffected by the deformation suggesting 
that the bulk of the deformation (in this area) occurred in the late Miocene. However, in a 
detailed magnetic survey of the PIC, Schmidt, Clark and Logan ( 1997) interpret a 
clockwise rotation of - 27° and a tilting to the southwest of - 21 °. They point out that the 
tectonic rotations and alteration happened at the same time probably within 1 Ma of 
emplacement. 
Apatite fission track analyses (AFTA), conducted by Hill and Gleadow (1989), shows 
that uplift in the Papuan Fold Belt occurred throughout the Pliocene and Pleistocene. The 
basement cores to both the Kubor and Muller anticlines were uplifted at about 4 Ma. 
Analyses of materials to the southwest indicate more recent thrusting within the last 1 Ma 
(Hill and Gleadow, op. cit.). 40Ar/39 Ar dating of the PIC and K-Ar dating hydrothermal 
sericite lead Richards and McDougall ( 1990) to state that "magmatism and mineralization 
at Porgera are thought to have occurred shortly prior to or during initiation of 
continent/arc collision and to pre-date associated Pliocene uplift and foreland deformation 
in the highlands." 
Figure RG-6 and RG-7 shows that the PIC is located within the upper Cretaceous Chim 
Formation above a thick Mesozoic Duplex and immediately below the overlying Miocene 
Darai Limestone. Hill (1991) has interpreted a major detachment between the Om and 
Chim formations. At Porgera most of the overlying Darai Limestone has been removed 
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by erosion and the gold deposit is hosted in a 'sea' of black shale (Chim Formation). It is 
worth noting that other base and precious metal deposits within the Papuan Fold Belt, 
such as Ok Tedi, Frieda River, and Mt. Kare, are located in a similar stratigraphic 
position just below the regionally extensive shale limestone contact (Figure RG-6). 
At Porgera, Corbett (1994) and Munroe (1996) use airphotos and satellite imagery to 
identify a regional corridor of northeast (-45°) trending structures which Munroe (1996) 
has termed the Porgera Transfer Zone (the same transfer zone passes through Mt. Kare). 
Unfortunately these structures have no surface expression and have not been physically 
identified at Porgera. Corbett ( 1994) suggests that dextral movement along such a 
transfer fault zone would cause dilation along a subsidiary Roamane Fault, as shown in 
Figure RG-8. This is an interesting suggestion which attempts to link both regional and 
local scale structural observations. Detailed work by Munroe (1996), however, points 
out that the Roamane fault has undergone a complex kinematic history which will be 
discussed briefly in the next chapter. 
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3 Local Geology 
3. 1 Sedimentary Rocks 
On a local scale Porgera sits on the southern edge of the Porgera Intrusive Complex (PIC) 
where it occurs along the east-northeast striking Roamane Fault Zone (RFZ) as shown in 
Figure LG-la (in pocket) and b. Local geology is shown in Figure LG-2. The PIC is 
hosted in a sequence of late Cretaceous, marine black shale belonging to the Chim 
Formation. Within the Porgera valley the Chim Formation has been estimated at over 
3,000 m thick (Davies, 1990). Chim Formation shales are calcareous, variably silty, 
contain interbeds of marl and rare quartz sandstone, and were deposited in an open marine 
subsiding basin along the shelf margin and slope (Davies, 1983). The calcareous and 
marley interbeds have been mapped as calcareous sediments at Porgera (Fleming et al., 
1986). Corbett, 1980, has described syngenetic pyrite in black shale during his 
reconnaissance work within the Porgera prospecting authority, and Fleming et al. ( 1986) 
described syngenetic pyrite as a characteristic constituent of the Chim Formation. At 
Porgera finely disseminated framboidal accumulations have been observed away from any 
known hydrothermal mineralization. While the framboids may be syngenetic a later 
hydrothermal origin has not been disproved. 
Underlying the Chim Formation are the black carbonaceous siltstones and mudstones of 
the middle to late Jurassic Om Formation (up to 3,000 m regionally) which were 
deposited along the shelf margin, slope and basin. This rock type does not outcrop at 
Porgera but is presumed to constitute a thick Mesozoic duplex at depth (Figure RG-7). 
Om Formation rocks do outcrop six km northwest of Porgera where they exposed in the 
Om Uplift. Davies (1983) described this unit near Laiagam (- 46 km east of Porgera) as 
containing pyritic chert nodules and lenses. 
Unconformably overlying the Chim Formation is the Oligocene to Miocene Darai 
limestone. This unit consists of cream coloured, bedded to massive, bio-clastic algal to 
micritic limestone and is known to be up to 1200 m thick regionally. The unit has been 
almost entirely eroded at Porgera with only a few ten's of meters of remaining section 
interlayered with Chim Fm in the hanging wall of the RFZ. According to Munroe (1996) 
the limestone-shale contact at Porgera is para-unconformable, although shearing along the 
contact is locally observed. Given the age differences between the limestone and shale at 
Porgera their interlayering is almost certainly a result of thrust faulting (the Porgera 
deposit occurs just below a regional decollement along which the Darai Limestone was 
thrust southwest over the Mesozoic sediments - see Tectonic History Chapter 2). 
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Findlay son and Rogerson ( 1987) observe that bedded pyrite horizons are scattered 
throughout the Mesozoic shale sequence and characterize typical massive pyrite as 
containing 0.1 % arsenic, 25 ppm antimony, 5 ppm mercury and 20 ppb gold with no 
base metal enrichment. Rogerson and McKee state, "These volatile metal and gold 
enrichments relative to host shale and 'average shale' imply the existence of a metal-
bearing sedimentary reservoir available for epigenetic remobilisation to form putative 
economic arsenic-antimony-gold deposits." They go on to state, "Both Mesozoic and 
Miocene sedimentary environments are prospective for exhalative lead-zinc-silver 
deposits, Mississippi Valley lead-zinc-silver deposits and large tonnage sediment hosted 
gold deposits (Radtke,Rye and Dickson, 1980)." These concepts will be revisited in 
subsequent chapters. 
Dating of sediments at Porgera using nannofossils, indicates a late Cretaceous age for the 
Chim Formation shale and an early to middle Miocene age for the Darai limestone 
(Wonders, 1989; Munroe, 1996) consistent with known regional ages for these 
sediments. Strontium isotope chronostratigraphy of the Darai limestone yields a late 
Oligocene age (Munroe, 1996). Stratigraphically, Porgera and the PIC are located within 
the uppermost strata of the Chim Formation black shale, near the contact with the 
overlying Darai Limestone. The surrounding sedimentary rocks have undergone little 
penetrative deformation. 
Two fold orientations have been observed in the sediments and labelled FA and Fs by 
Munroe (1996); however, the timing relationships are uncertain. FA folds have a south-
southwest striking southeast dipping axial plane and result in repetition of the shale 
limestone sequence. Fs folding has resulted in a west-northwest striking, south dipping 
axial plane and open to tight folds. It is possible that some folding at Porgera may be 
related to intrusion of the PIC and may therefore be quite variable and local in extent. 
Munroe ( 1996) speculates that both fold sets may have formed during the same 
deformation. 
In an attempt to estimate the total stratigraphic cover during mineralization at 6 Ma, the 
known regional thickness for the Darai Limestone is combined with the thickness of 
overlying middle Miocene Nipa Group limestone and siltstone, yielding a total thickness 
of 2,200 m. This figure includes a thickness of 1,000 m for the overlying Mala 
Limestone at Mt. Kaijende which is almost certainly due to thrusting which may have 
occurred after mineralization. Thus the figure of 2,200 m is considered a maximum, and 
a reasonable minimum thickness would be about 1,400 m which includes the Darai 
Limestone with only 200 m of additional overlying Nipa Group sediments. 
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3.2 Igneous Rocks 
3.2.1 General Description 
The PIC (Figure LG-1) consists of a series of undeformed equigranular to porphyritic 
stocks and dykes ranging from tens to hundreds of meters in thickness (up to 300 m x 
650 m at Liawin). These intrusions tend to form a roughly "V" shaped pattern of outcrop 
and fall within the limits of a large airborne magnetic anomaly (4 km diameter). It has 
been suggested (Henry, 1988) that this anomaly relates to a large buried igneous intrusion 
at depth. Logan (1993), has modelled the aeromagnetic data and suggests that, "the PIC 
is an east-west elongated funnel shape, with most intrusives dipping towards the deep 
stock center. Logan goes on to suggest that the center of the stock is north of Rambari 
and west of Peruk and extends to at least 6 km deep. 
Paleomagnetic work by Clark et al. (1995) concluded that the PIC initially underwent a 
30° clockwise rotation followed by a 10 to 20° tilt to the southwest, finally followed by 
mineralization and subsequent further tilting of 40° to the southwest. 
Fleming et al. (1986,) differentiate six different igneous rock types, whose field names 
are augite hornblende diorite, andesite, hornblende diorite, needle hornblende diorite, 
feldspar porphyry, and hornblende diorite porphyry. They suggest that magmas were 
intruded at relatively shallow levels ( < 2 km consistent with stratigraphic considerations) 
owing to the porphyritic and amygdaloidal nature of the intrusions. The nature of 
intrusive contacts varies from smooth to brecciated. Munroe ( 1996) relates the intrusive 
breccias and the irregular shape of individual stocks to the emplacement of the PIC into 
wet sediment. On the other hand, Richards and Kerrich (1993) note the spheroidal shape 
of intrusions coupled with the lack of crosscutting relationships and conclude that 
magmas were accommodated by ductile processes rather than brittle fracturing. While 
hornblende diorite bodies have spheroidal shapes, augite hornblende diorite bodies tend 
toward more irregular in shape. The difference in shape may be a function of their 
respective compositions, viscosities and liquidus temperatures during emplacement. 
3.2.2 Geochemistry 
The petrology and geochemistry of the igneous rocks at Porgera has been described by 
Richards, (1990b), and Richards et al. (1990) who classified them as a volatile rich 
porphyritic alkali basalt and gabbro-hawaiite-mugearite fractionation suite. The rocks are 
nepheline normative with Na/K ratios of 2 to 4. Richards (1990) has shown that the 
range in composition exhibited by the PIC can be explained on the basis of fractional 
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crystallization of a common parent, thus supporting the suggestion that there is a large 
magma chamber at depth. The presence of vesicles, miarolitic cavities and pegmatitic 
lenses, coupled with the abundance of hornblende indicates relatively high magmatic 
volatile contents. 
Rock and Finlayson (1990) provide an alternative classification of the Porgera Intrusive 
Complex which they suggest is of shoshonitic or more specifically of 
appinitic/lamprophyric affinity. Rock et al., (1989) make an interesting argument for a 
global link between lamprophyres and gold mineralization, and Rock and Finlayson 
(1990) restate the concept regarding Porgera. 
Accepting the alkaline character of the PIC, the main intrusive phases, as referred to in 
minesite terminology are hornblende diorite (3 - 5 wt % MgO), augite hornblende diorite 
(> 8 wt% MgO), and feldspar porphyry. Andesites are generally a fine grained vesicular 
equivalent to either hornblende diorite or augite hornblende diorite and may occur as 
chilled margins to some intrusions or as discrete small intrusive bodies. Augite 
hornblende diorite contains > 8 wt % MgO and as such is not a true diorite. This rock 
type can be divided into gabbro (8-12 wt % MgO) and gabbro cumulate (>12 wt % 
MgO). 
Richards (1990) documented enrichments in incompatible LILE's and LREE's and 
Richards et al.(1990) document relatively depleted 87Sr/86Sr and 143Nd/144Nd ratios. 
They conclude that the data are consistent with a metasomatically enriched garnet 
lherzolite source, within the subcontinental lithosphere and with relatively little crustal 
contamination. According to Richards (1990), the lack of negative anomalies for Nb, Ta, 
and Ti02, on MORB normalized trace element spiderdiagrams, characterize the PIC as 
distinct from both the widespread calc-alkaline magmas emplaced north of the Laigaip 
Fault, and from later Pliocene-Pleistocene calc-alkalic to K rich alkalic rocks erupted in 
the highlands. Richards et al. (1990) suggest that deep slab melting of the doubly 
subducted Solomon Sea plate, immediately before continent-island arc collision, may 
have been responsible for metasomatism of the overlying mantle wedge and may explain 
the lack of Nb, Ta and Ti02 depletions observed in subsequently generated partial melts. 
The lack of primary sulphide and the ubiquitous occurrence of igneous magnetite coupled 
with high Fe3+/Fe2+ ratios in whole rock and minerals (Richards, 1990) suggests that the 
PIC crystallized under high f02. Richards (1990) suggested a minimum f02 of -8.6 at 
1140°C based on the large Cr203 variation in spinels (Hill and Roeder, 1974). This 
value is considered representative of the parental magma. 
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The Mount Kare gold deposit, located 18 km southwest of Porgera, is spatially and 
temporally associated with the 6 Ma old Mt Kare Intrusive Complex (KIC) which is 
geochemically similar to the PIC (Richards and Ledlie, 1993). Richards and Ledlie 
(1993) suggest that both the PIC and KIC may be part of a larger scale mantle derived 
magmatic event. It is possible that other intrusions related to this proposed magmatic 
event may lie undiscovered, especially to the south below the widespread Tertiary 
limestone cover. 
The massive Ladolam gold deposit on Lihir Island is also related to (Rytuba, et al., 1993) 
nepheline normative alkaline volcanism, albeit Pleistocene 0.36 Ma (Kennedy, et al. 
1990). At Simberi Island (part of the Lihir Group just northeast of New Ireland), 
Mcinnes and Cameron (1994) have shown that Pliocene 3.6 Ma (Rytuba, et al., 1993) 
highly oxidized, nepheline normative volcanics, are related to partial melting of a 
seawater-altered basaltic slab. Slab melting is related to the cessation of subduction 
following collision of the Ontong Java Plateau. In their model, a sulphate-carbonate-
H20-alkali rich slab derived partial melt migrates upwards, metasomatizing the overlying 
mantle lithosphere which is subsequently partially melted to yield the alkaline volcanics on 
Simberi Island. The chemical characteristics of Simberi Island volcanics are very similar 
to those noted for the intrusive rocks at Porgera (Table LG-1, data for Simberi Island 
from Mcinnes and Cameron, 1994; data for Porgera from Richards, 1990). 
Table LG-1 
Feature Poq~era Simberi Island 
high Ali03 16-19 wt% 12-20 wt% 
high Total alkalies - 7 wt % @ 55 wt % Si02 9 wt % @ 55 wt % Si02 
spiderdiagrams LILE + LREE enriched LILE + LREE enriched 
HFSE depleted 
Unlike shoshonites low K10/Na20 low K10/Na20 
no K-feldspar no K-feldspar 
normative nepheline normative nepheline 
MgNo 44.63-74.91 (total range) 68-74 (basinites and AOB) 
Ni 8-388 ppm (total range) 140-450 ppm (bas. & AOB) 
Cr 6-845 ppm (total range) 320-830 ppm (bas. & AOB) 
The similarities are remarkable considering that intrusive rocks are being compared to 
volcanics and, that while Porgera was probably sourced from subcontinental lithosphere, 
Simberi Island would have been sourced from suboceanic lithosphere. The comparison 
highlights the possibility that the subcontinental lithosphere beneath Porgera was 
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metasomatized with partial melt derived from subducted ocean plate (as suggested by 
Richards et al. 1990). It is possible that slab melting was facilitated by a very slow rate of 
subduction of the Solomon Sea Plate along the Trobriand Trench prior to collision. Note 
that today subduction along the Trobriand Trench has essentially stopped even though 
collision is actively occurring in the Huon Gulf and progressing in an easterly direction. 
As concluded by Richards et al. ( 1990) the contrasting chemistry between the PIC and the 
more widespread Pliocene to Pleistocene calc-alkalic to K rich alkalic intrusive and 
volcanic rocks may reflect either heterogeneities in the mantle source or simply more 
extensive lithospheric contamination caused by thickened post-collisional continental 
lithosphere. 
In the slab melting hypothesis, the nepheline normative compositions of partial melts is 
related to the sodium and C02 rich nature of the seawater altered subducted oceanic plate. 
Subsequent partial melting of the overlying metasomatized mantle lithosphere is controlled 
by similar constraints. Wendlandt and Eggler (1980) show that partial melting of 
peridotitic assemblages at high pressures(> 14 kbar) and under C02 saturated conditions 
leads to the formation of progressively silica undersaturated partial melts with increasing 
pressure. 
Another possible explanation for the nepheline normative compositions of the PIC and the 
KIC may be related to their porphyritic and potentially cumulate nature. Some intrusives 
locally exhibit cumulate textures and it is suggested that a cumulate rich crystal mush, 
with disproportionately high amounts of hornblende phenocrysts, could account for the 
sodic-alkaline affinities of these rocks (Loucks, R. R., pers. comm., 1995). However, 
the enrichment of intermediate REE's that would be expected from such amphibole rich 
magmas is not observed (PIC rocks show strong LREE enrichment, Richards,1990). 
3. 2 . 3 Geochronology of the PIC and Mineralization 
Early conventional K-Ar dates for the PIC range from 7.45 to 14.4 Ma (Fleming et al., 
1986). Subsequent K-Ar dating of biotite separates by Richards and McDougal (1990) 
returned an age of 6.0 +/- 0.3 Ma (2 sigma). 40 Ar/39 Ar step heating experiments on 
hornblende separates (Richards and McDougal, 1990) revealed saddle shaped age spectra 
(indicating the presence of excess 40Ar), with plateaus at 5.96 +/- 0.25 Ma (2 sigma), 
essentially identical to that of the biotites. These data suggest that the PIC was intruded at 
6.0 +/- 0.3 Ma (2 sigma) and that the older K-Ar dates result from contamination with 
excess 40Ar (as interpreted by Richards and Kerrich, 1990). 
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Roscoelite and illite mineral separates taken from veins and alteration zones associated 
with gold mineralization returned ages ranging from 5.1 to 6.1 Ma (Richards and 
McDougal, 1990), revealing that mineralization occurred within 1 Ma of PIC magmatism. 
It has been suggested that the feldspar porphyry is later than the other PIC intrusives and 
that it intruded along the Roamane fault and thus may have a more direct genetic link with 
mineralization (Richards, 1990b, Richards and McDougal, 1990, and Corbett and Leach, 
1994). Munroe (1996) has tested this hypothesis by dating of zircons (U-Pb-Th method 
using SHRIMP) from the feldspar porphyry. The age of the feldspar porphyry is 6.06 
+/- 0.21 Ma (2 sigma) and is indistinguishable from the age of the intrusive complex 
given the limits of uncertainty. 
3.2.4 Propylitic Alteration oflntrusive Rocks 
The first phase of hydrothermal activity at Porgera produced an early widespread 
propylitic alteration which affected all of the exposed intrusive phases and consists of 
variable addition of epidote, chlorite, sericite (replacing plagioclase ), and calcite, and has 
been previously described by Fleming et al. (1986), Handley and Bradshaw (1986), and 
Richards and Kerrich (1993). This assemblage is also well developed in vesicles and 
miarolitic cavities where it may be accompanied by quartz, hematite and rarely adularia. 
Minor to trace chalcopyrite, magnetite, hematite and rare bornite are locally observed as 
part of this assemblage. 
A rare occurrence of chalcopyrite was observed next to a feldspar porphyry dyke on the 
2400 level (33x/c). Veinlets, generally less than 2 mm in width, are hosted in a black 
hornfels which persists for several meters away from the dyke. The veinlets consist of 
quartz, chalcopyrite, magnetite, hematite, minor pyrite, carbonate and chlorite, and persist 
for up to 5 m away from the dyke (veinlets do not occur within the dyke). This 
occurrence is interesting because there has been some speculation as to why there is not 
more copper associated with Porgera gold mineralization. The mineral assemblage is 
similar to the propylitic assemblage and it is suggested that the chalcopyrite mineralization 
is essentially a variant of the propylitic assemblage. The copper rich nature of these 
veinlets may be related to the more fractionated composition of the feldspar porphyry 
dyke (as compared with other intrusions). 
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3. 3 Altered Sediments 
3. 3 .1 General Character and Distribution 
Along intrusive contacts, black shale undergoes sericitization to form a more indurated, 
buff coloured (bleached) altered sediment. Fleming et al., (1986) recognized that altered 
sediments occur in concentric zones about the intrusive stocks (Figures LG-2 and LG-3a 
in pocket) where they may be developed up to 80 m away from the contact. 
Macroscopically, alteration is characterized by bleaching, induration and sericitization. 
The transition between altered sediment and black shale is generally gradational and an 
actual contact is generally not discernible. 
Figure LG-5 shows a zone of altered sediment developed along the contact between black 
shale and an augite hornblend diorite intrusion. Figure LG-6 shows altered sediment 
developed along a feldspar porphyry dyke. Note that next to augite hornblende diorite, 
the zone of altered sediment is quite narrow and that next to the thin feldspar porphyry 
dyke it is more extensive. There is a tendency for the more felsic intrusions to have 
thicker aureoles of altered sediment. The larger dioritic stocks are surrounded by aureoles 
of up to several tens of metes (Figure LG-2, LG-3a and LG-4a). In a few cases, 
particularly along the more mafic intrusions, a narrow rind (2-5 m) of hornfels is 
developed instead of the more typical altered sediment. These are well indurated and 
range from black to a light grey or cream in colour (like altered sediments), and are 
formed as narrow contact (thermal) aureoles associated with some of the drier and hotter 
mafic intrusions. 
Fleming et al. (1986) describe interbeds of calcareous sediment, however, they also 
described halos of calcareous sediment adjacent to some intrusions which they interpret to 
be a product of alteration (Figure LG-4b). Thus the term calcareous sediment is 
descriptive and has been used to refer to either a primary calcareous sediment or a product 
of hydrothermal alteration. 
XRD analyses show that altered sediments consist dominantly of quartz and sericite with 
subordinate carbonate and minor epidote. C02 contents range from 1 to 5 wt % 
indicating approximately 2.5 to 13 wt% carbonate (assuming an Fe-rich composition). 
Their gold content ranges from 2 ppb to 2 ppm (sporadic high values are the result of 
overprinting stage I mineralization) and appears to be dependent mainly on the amount of 
finely disseminated sulphide or thin veinlets. 
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Figure LG-2. Local geology of Porgera Gold Deposit. (after Fleming et al., 1986; and Handley and Henry, 1990) 
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3. 3. 2 Relationship of Alteration to G Stringers 
Altered sediments are intimately related to the development of thin grey pyritic stringers 
called G stringers which are characterized by thin fracture coatings of pyrite surrounded 
by < 1 mm grey selvedges of finely disseminated pyrite (Figures LG-7). The transition 
between black shale and altered sediment generally occurs over only a couple of meters 
(but may occur over several meters) and within the zone of incipient alteration, one may 
observe individual G veinlets surrounded by thin zones of bleaching up to several mm's 
away from a seemingly insignificant G veinlet (Figure LG-8). 
3.3.3 Relationship Between Altered Sediment and Propylitic Alteration 
Several factors such as local geometry, relative paragenetic position and geochemistry all 
suggest that the fluids responsible for the early alteration of the black shales emanated 
from the currently exposed intrusives. The development of altered sediment is thought to 
be related to the same fluid responsible for the early propylitic alteration of the intrusive 
phases. 
On the 2660 bench (in the open pit), along the augite hornblende diorite-altered sediment 
contact (Figure LG-15c), there is a narrow - 1-2 m zone of bleaching developed within 
the intrusive. This is not a commonly observed feature but is thought to arise due to 
enhanced fluid flow and chemical interaction with the sediment along contact zones. This 
narrow zone of more intense alteration is characterized by a four fold increase in C02 
content over that found in least altered augite hornblende diorite from the same intrusive 
(2.7 to 10.9 wt % ). 
While altered sediments always contain G stringers, propylitically altered hornblende 
diorite and augite hornblende diorite have not been observed to contain G stringers. 
Feldspar porphyry however, as well as being a source of G stringer alteration, as shown 
in Figure LG-6, is in some places affected by G-stringer alteration as shown in Figure 
LG-9. All feldspar porphyry intrusions at Porgera are strongly silicified and carbonatized 
and thus it is difficult to examine the relationship between the G stringers and propylitic 
alteration in this rock type. The fact that G stringer alteration has a more pronounced 
effect upon the composition of the sediments than propylitic alteration has upon the 
intrusions probably reflects the fact that propylitic/G-stringer fluid was closer to 
equilibrium with the intrusions than the sediments. 
Figure LG-7. G stringers in altered sediment (22L/36x/c drive) . This sample is > 20 
m from the nearest intrusive. 
Figure LG-8. G stringers in black shale showing incipient alteration (courtesy of 
Stuart Munroe). 
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3. 4 Black Shale Breccia Veins 
Breccia veins comprising fragments of hornblende diorite, altered sediment and black 
shale hosted in a distinctive black matrix of fine silica and finely comminuted black shale 
are locally observed in the surface mine (Figure LG-10). These veins, which may be up 
to 15 cm thick, are relatively uncommon and are generally restricted to the intrusive rocks. 
They are crosscut by later NB type veins (described in the following section) which 
follow and rebrecciate the original vein material. These breccia veins may be found in 
intrusions up to 50 meters away from the sediment contact and are thought to indicate 
high fluid pressures within the black shale (ie brittle failure of the more competent 
intrusions causes explosive rupture of the adjacent sediments due to high fluid pressure). 
3. 5 A and B Veins 
Mineralization at Porgera occurs in two main vein types, known as A veins (including B 
veins which are in a similar position in the paragenesis) and D veins (including C veins 
which are in a similar position in the paragenesis). This section describes the general 
nature, distribution and interrelationships between A and B veins and Porgera geology; 
mineralogy and paragenesis will be discussed in detail in the following chapter. 
3. 5 .1 General Description and Distribution 
Base metal sulphide rich (with or without quartz and carbonate) A and B veins are found 
in both intrusive and sedimentary rocks and show a close spatial relationship to the 
exposed intrusive complex. A and B veins are similar with the main difference being that 
B veins are typically smaller and contain pyrite as the only sulphide phase, whereas A 
veins generally contain a sulphide mixture including pyrite, black sphalerite, galena and 
subordinate arsenopyrite (rare pyrrhotite bearing A veins are observed in the Rambari 
intrusion in the open cut). As recognized by Fleming et al. (1986), B veins occur as a 
well-defined halo around a core of A veins in the central portion of the deposit (relative 
level, 2,650 m), and become dominant with increasing depth. Observations from this 
study are broadly consistent with Fleming et al. (1986), but, the relationship is restated 
such that dominantly B type mineralization forms a broad halo about a core (centered on 
intrusions) of mixed A and B (but dominantly A type) mineralization. 
Figure LG-15 shows the distribution of A and B veining across a sediment-intrusive 
contact on the 2660 bench (surface mine - see Figure LG-2 for location) and Figure LG-3 
shows the geology and both NB and D vein distribution on 25 Level (underground 
mine). A and B veins range in thickness from 5 mm to 20 cm (B veins are generally less 
Figure LG-9. G stringer in feldspar porphyry with crosscutting calcite veinlets (36L, 
33x/c). 
Figure LG-10. Black shale breccia vein hosted in hornblende diorite (next to Haul 
Road) - contains both altered sedimentary and intrusive cl~sts in a 
matrix of finely comminuted black shale and silica. 
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than 3 cm) and may be either sulphide rich or a mixture of sulphide and the gangue 
minerals quartz and carbonate. Both vein types are mineralized and may contain several 
grams of gold/tonne (see Appendix 1.3). Figures LG-1 la shows an A vein hosted in 
hornblende diorite and Figure LG- l 6a shows B veinlets hosted in black shale (here B 
veinlets are cutting altered sediment alteration front). Some veins consist of pure sulphide 
with no gangue (Figure LG-11 b ), however, most of the larger veins contain quartz and 
carbonate. 
A veins are generally developed within and around the intrusive centers and show a 
tendency to be concentrated near the contacts but some A veins in black shale are found as 
far as 150 m away from intrusive contacts. B type mineralization occurs as veins, 
veinlets and disseminations of pyrite, and while they share a similar distribution to A 
veins the ratio of B to A veins increases away from the intrusive contacts. It should be 
noted that a sharp line cannot be drawn between A and B vein types and that a continuum 
of sulphide compositions exists from pyrite only, through pyrite with trace galena and 
sphalerite, to veins containing a mixture of pyrite, sphalerite, galena and arsenopyrite. 
While most of the A/B veining occurs close to the intrusions development of disseminated 
sulphide (ie B type mineralization) may be heterogenously developed for several hundred 
meters from intrusive contacts. 
In the underground mine, most A and B veins are steeply dipping (> 45° to subvertical) 
and generally strike north-northeast (Munroe, 1996). In the surface mine two dominant 
A/B vein orientations have been defined as striking northeast and dipping 45° -60° 
northwest and 30-45° southeast respectively (op. cit). In addition to these more common 
vein attitudes, a small number of shallow dipping A and B veins are observed in both the 
underground and the surface mines (Munroe, 1996). According to Munroe, A and B 
veins developed in extension fractures which formed in response to high fluid pressures, 
and, the two main vein orientations observed in the surface mine are thought to result 
from a flipping of the minimum compressive stress ( <J3) with the intermediate 
compressive stress ( cr2) such that the dip of extension veins changed from northwest to 
southeast. 
While the Porgera mine area constitutes the highest known concentration of A and B veins 
in the area, several other occurrences are known from within the PIC (Corbett, 1980). 
Figure LG-1 a shows the locations of some of these areas which are referred to as 
MacKenzie and MacKenzie West lodes, Yambu and Jez lodes, Ekonda lode, Peruk, 
Tupegai and Wangima. Most of these A and B vein mineralized zones show a close 
spatial association with individual intrusive centers and are typically associated with 
anomalous gold and silver mineralization. 
Figure LG-11 a. Hand specimen of a typical A vein hosted in hornblende diorite -
contains pyrite, sphalerite, galena, quartz and carbonate (PGC054). 
Figure LG-11 b. Hand specimen of a sulphide only A vein containing pyrite and 
sphalerite (PGC 111- this sample is across whole vein) - host rock 
was black shale. 
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3.5.2 Alteration Related to A and B Veins 
Where A and B veins are hosted by intrusive rock they are generally associated with 
moderate to strong pervasive phyllic alteration, which may be developed up to a meter 
away from the vein. Figure LG-12a shows two (-2 cm) A veins in augite hornblend 
diorite with - 20 cm phyllic alteration selvedges. Figure LG-12b shows an anastomosing 
network of beige alteration selvedges in hornblende diorite. Note the actual veins are not 
visible in this photo as they are only about 1 cm thick. The phyllic alteration is 
characterized by the development of sericite, dolomitic carbonate, disseminated pyrite, 
locally minor sphalerite, leucoxene and minor quartz. It bleaches the rock to a light cream 
colour and may result in weak to total destruction of primary textures (Figure LG- l 2c). 
Pyrite is found replacing leucoxene (which is itself after spinel; Fleming et al. 1986), and 
as rims on primary igneous magnetite (Figs LG-13a and LG-13b). 
Within the altered selvedges it is commonly possible to distinguish an inner and outer 
zone of alteration. The outer zone exhibits relict texture and is characterized by the 
presence of relatively unaltered igneous amphibole (rimmed with biotite), green moderate 
to strongly saussuritized plagioclase (sericite, carbonate, albite, epidote and quartz), 
leucoxene after magnetite, disseminated magnetite rimmed by pyrite, chlorite, hematite 
and minor quartz. Clinopyroxene has been completely altered to carbonate, chlorite, 
magnetite and leucoxene. The outer zone grades quickly into propylitically altered rock. 
The inner zone has no relict texture, and is generally less than 5 cm wide. It is intensely 
altered and characterized by the almost complete replacement bf igneous minerals by 
carbonate, sericite and quartz. Relict apatite is present in all phyllic altered intrusive rock 
regardless of intensity of alteration. 
Where hosted by altered sediment and black shale, A and B veins are not accompanied by 
any visible signs of alteration (Figure LG-14) which suggests that the fluids responsible 
were closer to equilibrium with the black shale than they were with the intrusions. 
3.5 .3 Relationship Between A Veins, B Veins and G stringers 
Detailed mapping along the 2660 bench (northern highwall) of the open pit, illustrates the 
spatial zonation of A and B veining with respect to an intrusive-sediment contact (Figures 
LG-15a, b, and c; see Figure LG-2 for location). Figure LG-15a shows the larger scale 
and Figures LG-15b, and c show progressively more detail across the sediment-augite 
hornblende diorite contact. In Figure LG-15a it can be seen that zones of B yeining, 
associated with zones of enhanced sediment deformation (shown by stylised folding on 
Figure LG-12a. Phyllic alteration of augite hornblende diorite along A vems m 
northern highwall. 
Figure LG-12b. Phyllic alteration of hornblende diorite along A veins in western 
highwall . 
Figure LG-12c. Hand specimen of phyllic alteration of hornblende diorite next to A 
vein (PGC080) . 
Figure LG-13a. Photomicrograph of pyrite replacing leucoxene (PGC050 - 400x -
long axis of photo is 300 µm). Lattice network of rutile inclusions 
indicates leucoxene is after a cubic spine! phase as described by 
Fleming et al. , (1986). 
Figure LG-13b. Photomicrograph of pyrite overgrowing primary igneous magnetite 
(PGC127 - lOOOx - long axis of photo is 120 µm). 
Figure LG-14. B vein in black shale - note lack of any visible signs of alteration -
Waruwari hanging wall. Vein contains fragments of black shale. 
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sketch), can be found up to 150 m away from the intrusive contact (minor A veining may 
still be identified, however, B veins strongly predominate). In Figure LG-15b individual 
veins are mapped and it can be seen that while both A and B veins are found in black 
shale near the intrusive contact, the intrusion hosts dominantly A veins; B veins occur but 
are subordinate. In addition, there is a distinct increase in vein density within the 
sediment as the contact is approached. 
Figure LG-15c is a detailed sketch of the contact relationships showing the thin rind of 
altered sediment along the intrusive contact as well as a parallel zone of altered intrusion 
mentioned earlier (section 3.3.3). In this area individual veins can be followed across the 
sediment-intrusion contact, showing veins that do not visibly alter black shale surrounded 
by phyllic alteration halos once they cross the contact into the intrusion. The contact is 
also associated with a subtle change in vein mineralogy as sediment hosted B veins 
become intrusion hosted A veins. The transition occurs gradually over a few meters. On 
the other hand some of the larger A veins may be followed from within the intrusion 
across the contact for several meters into the black shale while maintaining their A vein 
mineralogy. 
Another feature of A and B veins is that they traverse the rind of altered sediment with no 
visible effect upon the alteration front. This relationship is better shown in Figure LG-
16a (which is from the contact area in Figure LG-15c and is a blow up of Figure LG-5) 
where an individual B vein can be traced from shale through the tongue of altered 
sediment and back into shale completely discordant to the altered sediment alteration front. 
Similarly in Figure LG-16b, a B vein (actually a fracture surface which has broken along 
a B vein) is observed to crosscut individual G stringers developed within incipiently 
altered black shale. These relationships demonstrate that G stingers and associated altered 
sediment are earlier than and unrelated to both A and B veins and their associated phyllic 
alteration. 
3 • 6 E Veins/Mineralization Type 
E type mineralization or veining is the least common type of mineralization at Porgera and 
is characterized by the presence of pyrargyrite (ruby silver), freibergite, chalcopyrite and 
proustite (identified by Handley and Bradshaw, 1986). It is generally found in 
association with AIB veins, as was recognized by Fleming et al. ( 1986), however, most 
A and B veins are without this mineralization type. E type mineralization is more 
restricted than either A or B veining and is generally found close to or within the 
intrusions. Texturally, E type mineralization is found to be later than A and B vein 
sulphides as will be discussed in the paragenesis section. 
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3. 7 Some Conclusions About the Early Hydrothermal History at Porgera 
At this stage it is useful to draw some conclusions about the early hydrothermal system at 
Porgera. These conclusions are based entirely on geologic observations and establish a 
simple foundation upon which subsequent geologic and geochemical observations can be 
built. 
1. The formation of altered sediments at the expense of black shale, is earlier than 
and not related to, A and/or B veins. This conclusion is based on the fact that A 
and B veins crosscut and are discordant to both G stringers and altered sediments. 
2. The fluids that were responsible for the formation of the altered sediments, which 
apparently emanated from the intrusive centers, had turned off by the time of A 
and B veining. 
3. The fluids responsible for A and B veins were close to equilibrium with the black 
shale (no visible signs of alteration) and apparently out of equilibrium with the 
intrusive rocks (always associated with phyllic alteration). 
3. 8 The Roamane Fault Zone 
The east-northeast (-71°) striking southeast dipping Roamane Fault Zone (RFZ) is the 
dominant structural feature at Porgera and is the main control upon high grade gold 
mineralization. On the basis of SLAR (side looking air-borne radar) image of the Wabag 
(1 :250,000) sheet, Munroe (1996) suggests that the RFZ extends beyond the PIC and has 
an apparent strike length of about 25 km. The RFZ persists below 16 level, however, it 
is probable that the fault itself does not extend to great depth but that it is linked with other 
deeper related structures such as the subvertical M126 fracture (Munroe, 1996). 
The RFZ breaks the orebody into footwall to the northwest and hanging wall to the 
southeast (see Figures LG-2 and LG-3a) and has undergone normal dip-slip and dextral 
strike-slip movements (Munroe, 1996). While hornblende diorite occurs in both the 
hanging wall and the footwall, augite hornblende gabbro is found only in the footwall. 
Feldspar porphyry is most abundant in the hanging wall. Allocthonous blocks of Darai 
Limestone are commonly observed in the hanging wall of the surface mine (Figure LG-
2). 
In the high grade portions of the underground, the RFZ separates footwall altered 
sediments from hanging wall black shale and feldspar porphyry. The footwall altered 
sediments are wedged between the fault and a hornblende diorite intrusion to the north. 
The fault zone itself ranges from 1 to 11 m in width and generally consists of a zone 
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containing strongly foliated black shale and gouge (the principal displacement zone of 
Munroe, 1996) with variable amounts of thick calcite veins, siliceous fault breccias and 
stockwork breccias. The fault is generally associated with a well developed footwall 
breccia consisting of quartz, calcite, roscoelite, pyrite and native gold which constitutes 
the bulk of the high grade Zone VII mineralization. Munroe (1996), describes the 
footwall breccia zone as occurring within the steepest section of the Roamane fault which 
has dilated during normal movement. 
3.9 D Veins 
3. 9. 1 General Description 
D veins, which constitute the highest grade gold mineralization (tens to thousands of 
grams gold per tonne) at Porgera, crosscut earlier A and B type mineralization, and are 
found only within or proximal to the RFZ and its related structures. The distribution of D 
veins is much more restricted than A and B veins. Figure LG-3b shows the orientation 
and distribution of both AIB and D veins mapped on 25 level (underground mine). The 
greatest concentration of D vein mineralization occurs within the Roamane Fault and its 
footwall breccia zone. However, D veins are also well developed in altered sediment, the 
various intrusive phases, and locally in unaltered black shale (although this occurrence is 
less common). Figure LG-17 a shows a typical D vein breccia hosted in hornblende 
diorite and Figures LG-17b and c show D veins in altered sediment. While unaltered 
black shale hosts a major proportion of all A and B veins, D veins show a strong 
preference for altered sediment and the intrusive rocks. 
According to Munroe (1996) D veins are mineralized faults which offset earlier formed A 
and B veins. The veins range from 1 mm to 1 m thick and are characterized by the 
development of banded quartz and quartz-roscoelite-pyrite veins and vein breccias (both 
tectonic and hydraulic). Pyrite and high grade gold mineralization is associated with 
roscoelite rich layers which also contain quartz and generally subordinate amounts of 
barite, marcasite, Fe-poor sphalerite, tetrahedrite, galena, hematite and telluride. 
Gypsum, anhydrite and calcite may occur as a late infill to D veins and may also occur on 
their own where they are referred to as F veins (see Table P-1). 
3. 9. 2 Alteration Related to D veins 
Where D veins are hosted by intrusive rocks they are accompanied by zones of strong 
phyllic alteration which may be developed up to 1 m away from the vein (Figure LG-
17 a). The alteration is similar to that described for A and B veins and consists of sericite, 
Figure LG-17a. Subvertical D veins (up is to the left of photo) hosted in hornblende 
diorite showing strong phyllic alteration. (31L34x/c) 
Figure LG-17b. Hand specimen of D vein hosted in altered sediment (PGC247 -
22L40x/c). 
Figure LG-17c. D vein stockwork hosted in altered sediment (19L42x/c - looking 
grid east - handle of hammer points up). 
Figure LG-17 d. Pebble Breccia mineralization from the Roamane Fault - the pyrite 
in this sample contains > 0.5 wt % Au. 
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carbonate, quartz, leucoxene, epidote and may or may not contain pyrite. The only 
mineralogical difference is that phyllic alteration associated with D veins may, in places, 
show local development of roscoelite as thin ( < 1 cm) envelopes within the phyllic 
selvedge next to the vein. D vein alteration also appears to be somewhat stronger than A 
veining, at least locally and especially at shallow levels, however, this might be a function 
of the level of brecciation and fracturing associated with intrusive hosted D veins 
compared to A veins. 
Altered sediments do not appear to be significantly affected by D vein alteration (Figures 
LG-17b and c) apart from a weak to moderate increase in silica (not visually discernible). 
Black shales which may locally host D veins (this is not common) are not significantly 
altered except for rare thin 1-2 mm selvedges of roscoelite and silica. 
3. 9. 3 Relationship of D and AJB Veins and Roamane Fault 
The main D veins orientations are: 
• The Roamane Fault/Footwall Breccia where veins trend east-northeast along the fault. 
• The vertical east-northeast striking M126 fracture. 
• The Footwall Splay Zone which is comprised of a set of subvertical east-west to east-
southeast trending veins which occur in the underground between the Roamane Fault 
and the subparallel M126 vein to the north (see Figure LG-3a and b). 
• Crackle Breccia or C-type mineralization which occurs exclusively in the hanging wall 
of the surface mine (as described in the next section). 
At Porgera the bulk of the high grade gold mineralization (Zone VII) occurs in the 
Footwall Breccia Zone, a 1 to 4 m zone that runs along the Roamane Fault in the 
immediate footwall. The Footwall Breccia generally contains fragments of intrusions and 
altered sediment in a matrix of quartz, carbonate, roscoelite, pryite and native gold. 
Munroe ( 1996) has recognized normal dip-slip and normal-dextral movement in the 
breccia zone and only normal dip-slip on the principal displacement zone which consists 
of sheared black shale. 
Another feature of the Roamane Fault and Footwall Breccia Zone is the occurrence of the 
pebble breccia which consists of pyritic 'pisolites' which may be up to 1 cm in diameter 
hosted in a matrix of quartz, pyrite and roscoelite. The 'pisolites' consist of thin µm scale 
concentric layers of accretionary pyrite which have nuclei consisting of small fragments of 
altered sediment and black shale. In order to form the concentric zoned pisolites they 
must have been suspended in solution. Munroe ( 1996) has studied this phenomenon and 
estimates a vertical flux of at least 1 meter per second. Figure LG-17 d shows a sample of 
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Pebble Breccia mineralization from the Roamane Fault. The pyritic pebbles in this sample 
are extremely high grade (electron microprobe indicates up to 0.92 wt% Au in pyrite). 
The M126 vein is a gold rich, east-northeast striking subvertical D vein, which splays off 
the Roamane fault into the footwall of the underground mine. In plan (Figure LG-3) the 
M126 vein runs parallel the Roamane Fault, but in section (LG-4a and b) it intersects the 
fault between 2310 and 2360 m RL, and therefore, does not exist above this level. 
According to Munroe (1996) the M126 has undergone normal movement and relatively 
small displacements of less than one meter. Both the M126 vein and the Footwall Breccia 
Zone may contain up to lOOO's of grams gold per tonne. 
The Footwall Splay Zone, is an area of abundant D veining (termed subsidiary splays by 
Munroe, 1996), hosted dominantly in a wedge of altered sediment which occurs between 
the Roamane Fault to the south and the large hornblende diorite to the north (Figure LG-
3a and b). Some veins also occur within intrusive rocks . Veins strike east-west to east-
southeast and individual veins can be traced for over 100 m, but generally they form an 
anastomosing interconnected network. Veins are generally< 15 cm and rarely up to 80 
cm thick. According to Munroe ( 1996) these veins have undergone dip-slip normal, 
oblique normal-sinistral and oblique normal-dextral movements during mineralization. 
Displacements of up to 5 m are noted but generally displacements are less than 1 meter. 
While this zone does contain significant gold mineralization (it forms part of zone VII), it 
is subordinate to the Footwall Breccia Zone in terms of contained gold. 
In the surface mine a paragenetically similar style of mineralization known as Crackle 
Breccia or C type mineralization occurs exclusively in the hanging wall of the Roamane 
Fault and will described in the following section. 
Unlike D veins , A and B veins are not spatially related to RFZ structures. The lack of 
RFZ control upon A and B veins has let Munroe to conclude that the fault zone was not 
active during A and B vein formation. If the fault zone was present during A and B 
veining, Munroe (1996) argues that the high, super-lithostatic, fluid pressures that are 
required to explain the subhorizontal extensional A veins in the surface mine, would have 
caused its activation. On the scale of the PIC however, the RFZ does coincide with the 
zone of highest A and B vein density and this relationship helps constrain the spatial and 
temporal development of the hydrothermal system as will be discussed in chapter 6. 
The intersection of A and D veins is generally associated with linear steeply plunging high 
grade ore shoots. A good example of an A-D intersection is found on 25 level (34x/c) 
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footwall where a few such intersections occur in altered sediment (see Figure LG-3a). 
This particular occurrence will be described in more detail in the following chapter. 
Figure LG-18a shows the Porgera gold grade model for the 2310 level. Note the pattern 
of bulls-eyes which correspond to the intersection of north-northeast trending AIB vein 
structures with east-west striking D veins. The control of A-D intersections upon gold 
grade operates on the deposit scale as well as on the scale of individual vein intersections. 
A-D intersections also occurs where D veins reactivate and run parallel to older A veins. 
While these intersections are known to carry significant gold they do not achieve the 
extremely high gold grades that are observed in the above mentioned linear intersections. 
3 .10 C Veins/Mineralization Style 
C type or Crackle Breccia mineralization is recognized only in the surface mine in the 
hanging wall of the Roamane fault. It is generally hosted in diorite and, like D type 
mineralization is associated with strong phyllic alteration. It occurs as stockwork veinlets 
and cataclastic breccias which contain auriferous arsenical pyrite (Handley and Bradshaw, 
1986) with accessory marcasite and the gangue minerals quartz, carbonate, sericite and 
roscoelite. 
While the mineralogy of C veins is similar to that for D veins, they contain more quartz 
and less roscoelite and pyrite; they also contain less gold than D veins. Where present, 
earlier A and B vein sulphides are replaced by quartz and carbonate as in D veins. The 
alteration associated with C type mineralization is similar to that associated with D veins. 
The main control upon Crackle Breccia mineralization is a series of subvertical fracture 
networks, called Hanging Wall Splays, which shoot off the Roamane Fault and into the 
hanging wall hornblende diorite and sediments (see Figure LG-4b). These fracture 
networks, which have a similar orientation to the D veins of the Footwall Splay Zone (in 
the underground), intersect the Roamane Fault at depth and are not observed below about 
the 2250 level. 
In the surface mine, PJV geologists have long recognized that a combination of A and D 
type material is a relatively reliable indicator of high gold grade. It is also noted, 
especially in the surface mine, that D veining in the absence of any nearby A veining, 
does not carry the same grade of ore that is to be found where both vein types are 
abundant. This relationship is once again illustrated by the gold grade model for the 2490 
bench (Figure LG-18b) which shows a pattern of anomalies related to the intersection of 
north-northeast striking A and B veins with the east-west trending D veins (as was 
previously observed on 2310 level in the underground mine). 
Figure LG-18a. Porgera gold grade model for 2310 level (underground). Main 
structural elements are north-northeast trending AIB veins (dashed), east-west 
striking D veins (solid) and the east-northeast trending Roamane Fault (heavy). 
Note anomalism associated with intersection of A and D vein structures. 
11400N 
.11200N 
TN 
Figure LG-18b. Porgera gold grade model for 2490 level (surface mine). Main 
structural elements as above. Note pattern of bulls-eyes along A and D vein structures. 
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3.11 F Veins 
F veins constitute a late overprint of calcite, gypsum and anhydrite. This assemblage 
appears to be a late stage of D vein evolution which may run along as well as crosscut D 
veins. F type veins and breccias are well developed in the footwall of the underground 
mine where they comprise thick continuous rubble zones. They are also known to locally 
host Au mineralization (although many are barren). 
3.12 Wangima 
The W angima prospect is located about 1.4 km northeast of the Roamane intrusion and 
consists of a series veins and vein breccias in an east-northeast trending zone which is 
offset to the north of the Roamane Fault (see Figure LG-la). Mineralized veins are 
concentrated along the contact between hornblend diorite and sediment, and contain 
breccia fragments of sulphide and roscoelitic host rock in a matrix of quartz and 
carbonate. The sulphides consist of pyrite, galena and a distinctive yellow (Zn-rich) 
sphalerite. While this yellow sphalerite has been observed in other localities at Porgera (ie 
in the far east zone in the underground) it is more abundant at Wangima. 
Corbett interprets the east-northeast trending veins at Wangima to have formed in 
response to dilation caused by dextral rotation on nearby transfer structures. The veins 
have affinities with both A and D type veining and it is suggested that they may represent 
a distal environment on the periphery of the Porgera hydrothermal system. 
3 .13 Fault Dynamics 
Detailed structural work by Munroe (1996) has shown that the RFZ was not active during 
early base metal rich A vein mineralization. This observation has been a key factor in 
much of the genetic and geochemical conceptualization. According to Munroe (1996), 
early dextral strike-slip movement along the Roamane Fault quickly gave way to normal 
dip-slip movement which controlled most of the D type mineralization. This was in tum 
overprinted by late dextral faulting. Munroe (1996) estimates a total displacement of less 
than 200 m for the RFZ. 
Figure LG-19 shows a longitudinal section of the Roamane Fault showing composite 
gold values in gram-meters. The strong steep easterly pitch to the ore shoots, is parallel 
to slip lineations measured by Munroe (1996), who suggested that highly permeable 
linear shoots were produced during normal slip and that these shoots constitute the main 
physical control upon high grade gold mineralization. The intersection of A veins with 
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Figure LG-19. Longitudinal section ( 11300N) of the Roamane Fault Zone showing composite gold grade in gram-meters (width of fault zone 
x gold grade - redrawn after PJV compilation). . 
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the Roamane Fault would yield a steep plunge of - 70° to the west and therefore are not 
responsible for the pitch of the ore shoots shown in Figure LG-19. 
As mentioned at the end of the previous chapter, Corbett ( 1994) suggested that dextral 
movement along northeast trending transfer structures (ie the Porgera Transfer Zone) has 
resulted in dilation along the Roamane Fault. Furthermore, the geometry of D veins in the 
footwall splay zone lead Corbett and Leach ( 1994) to suggest that these veins are a result 
of extensional dilation caused by dextral movement along the Roamane fault and the 
M126 fracture/vein (see Figure RG-8). Munroe (1996) points out that kinematic 
indicators are in support of dominantly normal dip-slip movement during D vein 
mineralization such that the steepest sections of the Roamane fault are the most dilational. 
Munroe argues, that if the dominant movement along the RFZ during D vein formation 
was dextral, then more of the mineralization would fall within the west-northwest striking 
footwall splay hosted D veins, rather than within the footwall of the Roamane fault where 
the bulk of the high grade gold mineralization is found. 
The geometric arguments of Corbett and Leach ( 1994) are compelling and provides a 
plausible link between the mine scale and the regional scale features (see discussion of 
transfer faulting in previous chapter). Munroe does not dispute that dextral movement 
was important in the formation of the footwall splay structures, he simply states that 
normal movement along the Roamane fault created more dilation. 
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4 Detailed Examination of Vein Paragenesis at Porgera 
4. 1 Definitions, Nomenclature and Purpose 
The vein assemblages and the paragenetic sequence of Porgera hydrothermal vein 
mineralization have been described and interpreted by Cotton (197 5), Fleming et al. 
(1986), Handley and Bradshaw (1986), Handley and Henry (1990), Richards (1990), · 
and Richards and Kerrich (1993). The present discussion both re-interprets and builds 
upon previous work. Table P-1 and Figure P-1 summarize the mineralogy and 
paragenesis of hydrothermal veins at Porgera and include modifications that result from 
the present study. 
The nomenclature of previous workers is recognized as practical and is adhered to 
wherever possible. Fleming et al. (1986) and Handley and Bradshaw (1986) used the 
labels A to E to refer to the main mineralization types or vein assemblages. In an attempt 
to simplify the terminology Richards and Kerrich (1993) recognized two main stages of 
mineralization, stage I and stage II. Stage I refers to mineralization and processes which 
occurred prior to initiation of the Roamane Fault, and stage II refers to mineralization and 
processes which take place after initiation of the Roamane Fault. Both sets of 
nomenclature have their merits. The original terminology of Fleming et al. (1986) is 
based on the different vein assemblages (A to E) and is nongenetic; it is useful when 
referring to individual vein assemblages without implying that the minerals are 
necessarily in equilibrium or that they are temporally equivalent. Richards and Kerrich 
(1993), on the other hand, break the sequence into two temporally distinct stages which 
is an important step toward understanding the paragenesis. Implicit in their classification 
is the assertion that all stage I processes occurred and were completed before the initiation 
of stage II processes. 
While the paragenetic conclusions of earlier workers are reasonably consistent none have 
described the presence of ubiquitous replacement textures. It is acknowledged however, 
that earlier workers recognized that remobilization of early assemblages has led to 
reconcentration of at least some of the Au into later structures. For example Fleming et 
al. (1996) state that, ' ... each of the major mineralization types reflects a new phase of 
mineralization accompanied by some remobilization of the earlier assemblages. One 
effect of the remobilization appears to have been a partial coalescence of at least some of 
the previously, submicroscopically dispersed gold, resulting in an increase in grain size.' 
It this section it will be argued that textural disequilibrium, rather than textural 
equilibrium, is the norm in the Porgera deposit. Such observations have permitted 
Table P-1 Mineralization Types at Porgera (modified after Richards et al. 1993, and Handley and Bradshaw, 1986) 
Type Abundance Form Principal Ore Accessory Ore Gange Minerals Minerals Minerals 
G Restricted to Stockwork Pyrite Y•-Mg-Fe-Mn-
altered sediments vein lets arbonate 
i ~ B Widespread Disseminations Pyrite, tr Au 
""' 
Ca-Mg-Fe-Mn-
broad spatial veinlets and 
"" 
carbonate ,sericite, 
relation to stockwork quartz Q) intrusive centers O'l 
<ll 
+-' (/) A Widespread Veins Pyrite, tr Au Tetrahedrite, freibergite, Ca-Mg-Fe-Mn J broad spatial sphalerite, galena, chalcopyrite, electrum, gold carbonate, quartz, relation to arsenopyrite sericite intrusive centers 
I E Very localized Veins, veinlets and Proustite- Chalcopyite, pyrite, Ca-Mg-Fe-Mn, (mostly in breccia matrix pyrargyrite, sphalerite, galena, quartz intrusions) freibergite tetrahedrite 
= 
Q) D Restricted to Veinlets and Auriferous- Marcasite, sphalerite, Quartz, roscoelite, 
O'l RFZ structures breccia matrix, arsenical pyrite, tetrahedrite, galena, barite, calcite-<ll 
+-' 
usually vuggy gold, electrum tellurides, rare hematite dolomite (/) 
l c Shallow levels Stockwork veinlets Auriferous- Marcasite Quartz, sericite/ (surface mine) and cataclastic arsenical pyrite roscoelite, breccias calcite 
F Localized Breccia matrix Tr Au Calcite, gypsum, 
and vugg infill anhydrite 
Early Porgera Paragenetic Sequence ,. Late 
Pre-Stage I Stage I 
Stage 11-A/B Stage 11-D 
Decompressive Fluid Mixing (cyclic) 
I ,. A and B vein quartz and 1 
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Figure P-1. Revised Porgera paragenetic sequence. 
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definition of paragenetic assemblages within the various vein types and led to a more 
detailed correlation between events in the AJB veins, and events in the D veins, and thus, 
greatly elucidate the evolution of the Porgera hydrothermal system. 
4. 2 G Stringers and Altered Sediment 
G stringers are intimately related to the formation of altered sediment and as shown in 
Figure P-1, they constitute the earliest phase of hydrothermal activity at Porgera. They 
consist of thin grey pyrite stringers, surrounded by thin < 1 mm selvedges of finely 
disseminated pyrite (Figure P-2). As shown in Figure LG-8, G stringers are responsible 
for bleaching of black shale and the development of selvedges for up to several em's 
from individual pyrite stringers. Many G stringers contain pyrite only, however, 
carbonate is not uncommon. 
XRD analyses (next chapter) show that the altered sediments are essentially a mixture of 
quartz, sericite and subordinate carbonate. Microscopically (Figure P-2) much of the 
altered sediment is seen to contain patches or bedding parallel lenses, of abundant - 0.15 
to 1.0 mm quartz and carbonate rich spheruloids. The spheruloids have a darker rim of 
what appears to more carbonate rich material (microprobe analyses of this fine grained 
material is difficult). Spheruloids are cut by G stringers and are interpreted to be an early 
manifestation of the G stringer alteration. 
The carbonate within the G stringers is later than that in the spherules. In some cases the 
G-stringer pyrite looks corroded and porous, and appears to be undergoing replacement 
by carbonate. 
4.3 A and B Veins 
A typical A vein mineral assemblage, consists of the sulphides pyrite, sphalerite, galena, 
arsenopyrite, rare pyrrhotite, and generally (although some contain sulphide only) the 
gangue phases Ca-Fe-Mg-Mn carbonate, quartz and locally minor sericite (Figure P-3a). 
Tetrahedrite, gold and chalcopyrite are common accessories. Pyrite generally appears to 
be the earliest mineral to precipitate as it is more common along the margins of A veins, 
while sphalerite (which typically has chronic chalcopyrite disease) and galena tend to 
occur toward the middle of the vein (Figure LG-1 lb). A vein sphalerite is dominantly 
Fe-rich and deep red to opaque in transmitted light, however, Zn-rich yellow bands are 
observed in some samples as shown in Figure P-3b. Arsenopyrite occurs locally in 
equilibrium with pyrite as illustrated in Figure P-3c. 
Figure P-2. Photomicrograph of a G stringer in altered sediment (PGC244 - 15x -
long axis of photo is 8 mm). 
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Figure P-3a. Photomicrograph showing typical A vein mineral assemblage (PGC015 -
15x - long axis of photo is 8 mm). Aspy-sph-py in circle and gl outside 
circle - lower left is carbonate gangue (mn cp to lower right). 
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Figure P-3b. Sphalerite showing compositional banding in transmitted light (PGC088 -
l 5x - long axis of photo is 8 mm). Late clear sphalerite marks stage II 
transition. 
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Figure P-3c. Photomicrograph of stage I A vein pyrite intergrown with arsenopyrite 
(PGC072 - lOOx - long axis of photo is 1.2 mm). 
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B veins are essentially A veins without the subsequent development of sphalerite and 
galena. This lack of later sulphides may be attributed to the smaller size of B veins as 
compared to A veins (ie these fractures were simply filled before sphalerite and galena 
precipitated). 
In many A veins early pyrite has undergone various degrees of replacement by both 
sphalerite and galena as shown in Figure P-4. In Figure P-4a sphalerite is observed to 
replace an originally euhedral pyrite crystal; note the embayments of sphalerite into the 
pyrite grain. In Figure P-4b galena is observed corroding pyrite along fractures which 
are parallel to the vein margin. Figures P-4c and d show galena replacing pyrite - note 
the embayments of galena into the pyrite grains yielding a scalloped or caries textured 
boundary with the relict grain. It is difficult to envisage a situation whereby any of these 
textures could arise through the contemporaneous crystallization of pyrite with either 
sphalerite or galena. Although pyrite, sphalerite and galena may locally appear to be in 
textural equilibrium, replacement textures are ubiquitous. 
Visible Au is observed as small micron scale blebs in pyrite and sphalerite. As noted by 
Fleming et al. ( 1986), the refractory nature of the A vein Au suggests a significant 
component of submicroscopic Au (as observed in stage II pyrite). 
Rare pyrrhotite has been identified in a small number of A veins from the Rambari 
intrusion just north of the Roamane Fault. The sequence of deposition in these veins has 
not been unequivocally determined due to the intimately intergrown nature of the fine 
grained pyrite and pyrrhotite. However, deposition appears to begin with coarse grained 
pyrite and sphalerite, followed by fine grained pyrite which is in turn intergrown and 
overgrown by fine grained pyrrhotite (see Figure P-5). Fine grained pyrite and pyrrhotite 
may form a breccia matrix to fragments of earlier sulphide. 
The relationship between gangue and sulphide in A/B veins is dominantly one of textural 
disequilibrium. A and B vein sulphide was aggressively replaced by both quartz and 
carbonate. Several examples of sulphide replacement are shown in Figures P-6, P-7, and 
P-8. 
Figure P-6a is a detailed thin section sketch of an A vein showing a network of quartz-
carbonate veins which crosscut and brecciate the earlier sulphide. Figures P-6b, and c 
are microphotographs whose positions are located on Figure P-6a. In both figures galena 
has been aggressively replaced by quartz. In Figure P-6b a large galena crystal has been 
extensively dissolved. such that only isolated remnants of the original crystal remain. In 
Figure P-6c it can be seen that galena is replaced by euhedral quartz crystals which 
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Figure P-4a Photomicrograph of stage I pyrite being replaced by sphalerite in A vein 
hosted in black shale (PGC039 - 200x - long axis of photo is 0.6 mm). 
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Figure P-4b. Photomicrograph of stage I pyrite being replaced along fractures by galena 
(PGC039 - lOOx - long axis of photo is 1.2 mm). 
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Figure P-4c. Photomicrograph of pyrite being replaced by galena (PGC045 - lOOx - long 
axis of photo is 1.2 mm). 
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Figure P-4d. Blow up of above (PGC045 - 400x - long axis of photo is 300 µm). 
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Figure P-6a. Detailed thin section sketch showing A vein sulphide being crosscut 
and replaced by later quartz and carbonate (PGC072). Section is approximately 
2.5 cm by 4.5 cm. Area of Figures 6b and 6c are shown by the large and small 
rectangles respectively. 
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Figure P-5. Photomicrograph of coarse grained pyrite (on right) overgrown by fine 
grained pyrite (center) overgrown by pyrrhotite (on left) - (PGC329 - 50x -
long axis of photo is 2.4 mm). 
Figure P-6b. Photomicrograph showing the replacement of A vein galena by quartz 
(PGC072 - 15x - transmitted and reflected light - long axis of photo is 8 
mm). 
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preferentially grow along cleavage planes (of galena). These textures constitute 
unequivocal evidence for replacement of galena by quartz. 
It is significant that galena is replaced by euhedral quartz crystals. Another example of 
this phenomenon is shown in Figure P-7a where sphalerite has been replaced by euhedral 
quartz crystals which grow away from the veinlet and into the sphalerite. This is the 
opposite of what would be expected in open space filling. The euhedral nature of quartz 
in veins is often used to argue for growth into open spaces. Clearly this is not the case in 
A veins at Porgera and thus it is with extreme caution that such textures should be 
interpreted. 
Consider the interpretation of Figure P-7a if only half of the photo were available. 
Imagine a line drawn along the axis of the quartz veinlet in Figure P-7a. Remove the 
bottom half of the photo and in its place substitute some host rock ie a vein wall. The 
result is Figure P-7b which shows a layer of quartz which appears to have grown along 
the vein wall and is apparently followed by later sphalerite. Clearly without sufficient 
information an erroneous paragenetic interpretation will be made. A situation similar to 
this is observed in Figure P-7c. Quartz has replaced sphalerite with euhedral terminations 
toward the sphalerite/center of the vein. This happened along both margins of the vein as 
this is a likely place for the vein to fracture. At this stage one may ask why the quartz 
crystals always grow inward (ie from the vein wall into the sulphides); however, it must 
be remembered that sulphides were dissolving and thus it would have been difficult for 
quartz to nucleate on a dissolving surface (the vein wall is easier). If this texture were 
observed in isolation it is likely that it would be mistakenly concluded that the quartz 
deposited first followed by sphalerite and pyrite. In fact, this is the most likely 
explanation for the early A vein quartz described by Richards and Kerrich, (1993). 
Results of the current investigation do not support the existence of early quartz in either A 
or B veins. Figure P-7 d shows a similar situation with respect to A vein carbonate - here 
A vein carbonate (which post-dates sulphide) runs down the middle of the vein but then 
cuts down through sulphide and runs along the margin of the vein discordant to early 
sulphide. 
Figure P-8 shows a series of microphotographs in which pyrite has been replaced by 
quartz and carbonate. In Figure P-8a and b, veinlets of euhedral quartz crystals have 
invaded and replaced the earlier pyrite. Once again euhedral quartz terminations are into 
the pyrite and away from the veinlet, and can only be explained by replacement. Note 
that these are not crack seal veins. Figure P-8c shows another form of replacement (from 
the same thin section) which produces a 'poikilitic like' texture of small quartz crystals 
after pyrite. This texture was described by Fleming et al. ( 1986) who described the small 
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Figure P-6c. 
Figure P-7a. 
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Blowup of an area from Figure .P-6b (PGC072 - 50x - long axis of photo 
is 2.4 mm) - euhedral quartz replaces galena along cleavage planes. Note 
long crystal of quartz with c-axis is parallel cleavage direction in galena. 
Photomicrograph of A vein sphalerite being replaced by quartz (PGC039 -
50x - trans + refl light - long axis of photo is 2.4 mm) - note that while the 
quartz clearly crosscuts and replaces the sphalerite it shows euhedral 
terminations against the sphalerite. 
Figure P-7b. Same as above with lower half removed; that is, if instead of a vein/fracture 
starting within sphalerite assume the fracture occurred along a vein margin 
between sulphide and wallrock - the result might be misleading. 
Figure P-7c. Photomicrograph showing quartz replacing sphalerite along the edge of a 
vein (PGC039 - 50x - trans. + refl. light - long axis of photo is 2.4 mm). 
Note the euhedral terminations of quartz against sphalerite make quartz 
appear early when in fact it is replacing the sphalerite (see above sequence). 
Figure P-7d. A vein in limestone (northern highwall). Here carbonate (which post-dates 
sulphide) runs down the middle of the vein but then cuts down through 
sulphide and runs along the margin of the vein discordant to early sulphide. 
Figure P-8a. Photomicrograph of euhedral quartz replac.ing A vein pyri~e (~GC336 - 15x 
- trans. + ref!. light - long axis of photo is 8 mm) - pynte IS replaced by 
quartz with euhedral terminations in both directions away from vemlet. 
Figure P-8b. Blow up above area - quartz replacing A vein pyrite (PGC335 - 50x - long 
axis of photo is 2.4 mm). 
Figure P-8c. Photomicrograph of quartz replacing A vein pyrite - poikilitic texture 
(PGC335 - 50x - trans. + refl. light - long axis of photo is 2.4 mm) - may 
be similar to sponge textured pyrite described by Fleming et al. ( 1986). 
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quartz crystals as inclusions incorporated during growth of the pyrite. The texture is 
almost certainly due to replacement of pyrite by quartz. Figure P-8d and e show a texture 
that is interpreted as replacement of pyrite by carbonate. Only the outer shell of the pyrite 
grain(s) remain surrounding a core of carbonate. Figure P-8f shows that even 
arsenopyrite, which is generally considered · a refractory mineral, may be replaced by 
quartz. 
Replacement textures are commonplace at Porgera and may be observed almost anywhere 
that A or B vein sulphides are found in contact with quartz and/or carbonate. Such 
evidence argues for widespread dissolution of sulphides at the time of carbonate and 
quartz precipitation. In general galena and arsenopyrite are the most aggressively 
replaced sulphides followed by sphalerite and finally pyrite. The information gained 
from these observations places very significant constraints on the temporal evolution of 
the Porgera hydrothermal system. 
Halley ( 1987) has documented a similar texture at the Mt Bischoff Mine in Tasmania 
where pyrrhotite has been replaced by euhedral quartz crystals. Ramdohr (1969) 
documents an unequivocal example of euhedral quartz replacing pyrite at Cornwall. The 
author suggests that these textures may be more widespread among mineral deposits than 
has been recognized. 
4. 4 E Type Mineralization 
E type mineralization is the least common mineralization type at Porgera; it rarely occurs 
as a vein type on its own but is closely associated with quartz and carbonate rich A and B 
veins. This mineralization type occurs dominantly within the intrusive phases, and is 
characterized by the presence of the sulphosalts pyrargyrite (Ag3SbS3), freibergite 
([AgCu]i2[SbAs]4S13), and tetrahedrite ([CuFe]12Sb4S13) . Standing (1994), also 
recognized miargyrite (AgSbS2) and proustite (Ag3AsS3) with minor amounts of 
chalcopyrite. The sulphosalts occur within well banded commonly symmetrically zoned 
crustiform sequences of carbonate and quartz. Unlike A and B veins which contain 
sulphide only or a mixture of sulphide and gangue, E type mineralization rarely occurs 
without quartz or carbonate. 
Figure P-9a shows pyrargyrite (inner dark bluish grey mineral) and freibergite (outer 
light grey mineral) growing on pyrite and possibly replacing pyrite. At a larger scale 
Figure P-9b shows the position of the sulphosalts completely surrounded by carbonate, 
which has partially replaced adjacent galena. Figure P-9c shows the assemblage 
chalcopyrite, and tetrahedrite enclosed in carbonate. The sulphides in E type 
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Figure P-8d. Photomicrograph of pyrite cubes replaced by carbonate (PGC069 - 1 OOx -
transmitted and reflected light - long axis of photo is 1.2 mm). 
Figure P-8e. Same as above under crossed polars. 
Figure P-8f. Photomicrograph of quartz replacin~ arsenopy.rite (PGC087 - 200x -
transmitted and reflected light - long axis of photo 1s 0.6 mm). 
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Figure P-9a. Photomicrograph of E type mineralization showing pyrargyrite (inner dark 
bluish grey mineral) and freibergite (outer light grey material) - (PGCO 15 -
lOOx- long axis of photo is 1.2 mm) 
' ..... 
Figure P-9b. Zoom out of above (PGC015 - 50x - long axis of photo is 2.4 mm). Note 
sulphosalts are surrounded by carbonate which appears to be replacing 
galena. 
( ! 
. -
, . ./ 
J -· -
Figure P-9c . Photomicrograph of E type mineralization . showing chalcopyrite and 
tetrahedrite surrounded by carbonate (PGC072 - lOOx - long axis of photo 
is 1.2 mm). 
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mineralization appear to either overgrow earlier A and B vein sulphide or occur on their 
own completely surrounded by quartz and/or carbonate. Unlike the earlier A and B 
sulphide, E type sulphide mineralization is not replaced by either quartz or carbonate but 
instead is intergrown with them. Thus E type mineralization is placed paragenetically 
after A vein sulphide but in equilibrium with A and B vein quartz and carbonate (see 
Figure P-1). 
4. 5 A and B Vein Quartz and Carbonate 
The quartz and carbonate found in A and B veins commonly displays textures which are 
indicative of supersaturation and rapid deposition. Figures P-lOa, b and c show an 
example of chalcedonic banding and radial crystal habit in A vein quartz. Figure P-1 Od 
shows a microplumose texture which is a recrystallization phenomenon (as discussed by 
Sander and Black, 1988). Colloform banding is locally observed in vein carbonate and is 
particularly well developed in E type mineralization. The replacement of carbonate by 
quartz is also noted in some samples and suggests that carbonate may have originally 
been more abundant. 
4.6 D Veins 
The paragenesis of D veins is quite variable but generally they consist of laminated quartz 
with one or more thin layers containing roscoelite, pyrite and free gold. While 
brecciation is common throughout most of the D vein paragenesis, areas of conformable 
vein growth are also common. 
4. 6. 1 D Veins From the Footwall Splay Zone 
A typical D vein paragenetic sequence for sample PGCOlO is shown in Figures P-lla 
and b. Figure P-11 a shows the vein stratigraphy and Figure P-11 b is a sketch of the thin 
section upon which the stratigraphic section was based. Both figures show three main 
quartz roscoelite layers, and each one of these is preceded by a layer of quartz. The gold 
bearing quartz-roscoelite layers consist of a mixture of dominantly quartz and roscoelite 
with subordinate to minor amounts of pyrite, barite, tetrahedrite, trace to minor gold, and 
locally trace sphalerite, galena and hematite. Some. of the quartz-roscoelite layers may be 
further subdivided into several thin alternating quartz rich and roscoelite rich layers. It is 
possible to group this sequence into three stages or cycles, each cycle containing one 
quartz-roscoelite rich layer. In most D veins examined from the Footwall Splay Zone, 
the first mineral to precipitate along the wall of a vein, or around a fragment of wallrock, 
is a thin layer of quartz. Sporadic evidence of brecciation is observed throughout the 
Figure P- lOa. Photomicrograph of chalcedonic banding in quartz (PGC054 - 15x - long 
axis of photo is 8 mm) . Sample is from an A vein hosted in gabbro. 
Figure P-1 Ob. Photomicrograph of chalcedonic banding in quartz (PGC054 - 15x -
transmitted and reflected light - long axis of photo is 8 mm). 
Figure P-1 Oc. Photomicrograph of chalcedonic quartz showing radial crystal habit -
crossed nicols (PGC054 - lOOx - long axis of photo is 1.2 mm). 
Figure P- 1 Od. Photomicrograph of microplumose texture - crossed nicols (PGC054 -
lOOx - long axis of photo is 1.2 mm). 
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PGC010 -1.5 - 2.0 cm section width 
Vuggy quartz and gypsum infill 
Comb/sparry coarse grained quartz with 
euhedral terminations 
Quartz roscoelite layer - colloform banding 
consists of 5 to 6 sublayers - abundant barite xts 
in 1st (thickest) layer, mn pyrite and tr Au at base 
Comb then sparry quartz with euhedral 
terminations - barite xts at base of layer 
Local brecciation 
Fine grained quartz, roscoelite 
and abundant pyrite 
Roscoelite and minor pyrite 
Thin layer of sparry quartz 
'1 Brecciation 
Fined grained quartz with grungy 
green roscoelite minor pyrite 
Fine grained quartz, sericite, 
carbonate and minor pyrite 
-abundant HR fragments 
6 Initial brecciation 
Hornblende diorite 
host rock 
Figure P-1 la. Paragenetic Sequence through a banded D vein (PGCOlO) 
showing three cycles. See photomicrographs in Figure 13a and b. 
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Figure P-llb. Detailed thin section sketch of a D vein showing three cycles (PGCOlO 
- long axis of sketch is - 3 cm) 
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sequence and, in some samples, tends to be more pronounced within the quartz roscoelite 
layers. 
Another D vein paragenetic sequence is shown for sample PGC085a in Figures P-12a 
and P-12b. Figure P-12a shows the vein stratigraphy and Figure P-12b is a sketch of the 
thin section upon which the stratigraphic section was based. While the overall 
paragenetic sequence is the same, this more complex example shows one more cycle. 
Figures P-13 and P-14 are photos of samples PGCOlO and PGC085a respectively, and 
document some of the textural relationships that have been used to establish the 
paragenetic sequence. Figure P-13a shows coarse grained drusy quartz of the third cycle 
in PGCO 10 brecciating previous layers, and Figure P-13b shows the roscoelite rich layer 
of the third cycle containing elongate barite crystals. Figure P-14a shows the 1st and 2nd 
cycles in PGC085a. Figures P-14b and c show the rest of the sequence from roscoelite 
layers 3 to 4. 
The morphology of D vein quartz is variable ranging in size from fine to coarse grained 
and from anhedral to euhedral in morphology. Figure P-15a shows the recrystallization 
of finely laminated crustiform quartz and Figure P-15b shows microplumose quartz 
indicating recrystallization of finer grained (possibly chalcedonic) quartz. The 
development of undulose extinction and microplumose textures in the quartz indicates 
recrystallization of early finer grained material has occurred (Sander and Black, 1988), 
and therefore, there may originally have been much more chalcedonic quartz than is 
currently observed. Barren quartz layers generally contain no other minerals, except for 
the first barren quartz layer which may contain flecks, or even a thin layer (-1 mm), of 
calcite or dolomite. 
4.6.2 Roamane Fault/Footwall Breccia and M126 (D) Vein 
The Roamane Fault and the M126 vein host the highest grade gold mineralization at 
Porgera (up to 1,000's of gm Au/tonne). Together, the Roamane Fault and the 
coincident Footwall Breccia host the bulk of the high grade gold of Zone VII. Unlike the 
Footwall Splay Zone hosted D veins, the Roamane Fault and M126 D veins may host 
layers which consist entirely of pyrite, marcasite, gold and telluride (Standing 1994, 
identified coloradoite, petzite, hessite, altaite, and krennerite), and may be up to 1 mm 
thick . These layers may in tum be overlain by layers of pure roscoelite and gold (up to 1 
mm) which then give way to barren quartz. Layering may be conformably developed 
along a vein wall, upon host rock fragments, or it may be broken and rebrecciated. 
Figure P-16a is a photomicrograph of a D vein from the Roamane Fault (36L-49x/c ). In 
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PGC085a - approx 1 .5cm width of section 
Coarse to medium grained drusy quartz 
-contains barite, minor roscoelite , pyrite 
and tetrahedrite near base - also contains two 
very thin (50-100 um) layers of quartz 
with minor roscoelite marcasite and pyrite 
Roscoelite layer with abundant quartz fragments 
near base, minor pyrite, tetrahedrite and minor 
marcasite 
Medium to coarse grained drusy quartz 
-base contains fragments of roscoelite and 
sulphide from previous layer 
Roscoelite rich layer minor pyrite 
-layer is actually split into 
two by a subsequent brecciation 
Fine grained quartz and subordinate 
pyrite with abundant fragments of 
altered sediment and early vein material 
Quartz roscoelite pyrite layer with 
host rock fragments trace 
tetrahedrite and Au 
Fine to medium grained quartz layer 
Quartz roscoelite layer with host rock 
fragments, pyrite and tetrahedrite (this layer 
has been subsequently rebrecciated and 
cemented with drusy quartz - see sketch) 
Fine grained quartz abundant host rock 
fragments, local carbonate and minor sulphide 
Altered sediment host rock 
disseminated pyrite 
Figure P-12a. Paragenetic sequence through a D vein (PGC085a) showing 
four cycles. Triangles along side of column indicate brecciation. Section 
corresponds to photomicrographs in Figure P-14a to c. 
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Figure P-12b. Detailed thin section sketch through a D vein showing four cycles (PGC085a -
long axis of sketch is 3 cm). 
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Figure P-13a. Photomicrograph of banded D vein (PGCOlO - 15x - long axis of photo is 
8 mm) - refer to text and sketch in Figure P-11 b - this section shows 
coarse grained drusy quartz of the 3rd cycle brecciating previous layers. 
Figure P-13b. Photomicrograph of banded D vein (PGCOlO - 15x - long a~i~ of photo is 
8 mm) - shows the roscoelite rich layer of the 3rd cycle contammg elongate 
barite crystals. 
Figure P-14a. Photomicrograph of banded D vein (PGC085a - 15x - long axis of photo is 
8 mm) - refer to text and Figure P-12b - shows the 1st and 2nd cycles. 
Figure P-14b. Photomicrograph of banded D vein (PGC085a - 15x - long axis of photo is 
8 mm) - shows the 3rd and 4th roscoelite layer. 
Figure P-14c. Photomicrograph of banded D vein (PGC085a - 15x - long axis of photo is 
8 mm) - shows another portion of the 3rd and 4th roscoelite layers. 
Figure P-15a. Photomicrograph of fine grained D vein quartz showing crustiform 
layering and subsequent recrystallization (PGC024 - 15x - long axis of 
photo is 8 mm). 
Figure P-15b. Photomicrograph showing microplumose texture in recrystallized D vein 
quartz (PGC024 - 15x - long axis of photo is 8 mm). 
Figure P-16a. Photomic~ograph of a D vein from the Roamane Fault (PGC128 - 15x 
trans. and refl. light - long axis of photo is 8 mm) - thin quartz layer along 
vein margin is late quartz which deposits along fractured vein margin. 
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this figure a pyrite layer containing abundant Au and telluride is overlain by a layer of 
roscoelite and gold which passes up into a quartz rich layer which infills the vein. The 
thin quartz layer which lines the vein margin appears to be late quartz which deposited 
after the vein was refractured along its margin. Figure P-16b shows the intimate 
relationship of pyrite, gold and telluride (in this case coloradoite ). 
In Roamane Fault and M126 hosted mineralization, gold may be found both rimming and 
replacing pyrite. Figure P-17a shows a large pyrite crystal (Roamane Fault) being 
overgrown and replaced by gold and Figure P-17b (PGCO 11 - Roamane Fault) shows 
gold replacing pyrite preferentially along pyrite crystallographic axis. Note in Figure P-
17b the presence of islands of relict pyrite totally surrounded by gold. Etching with nitric 
acid shows that the gold actually cuts across pyrite growth bands as illustrated in Figures 
P-17c (PGCOll-Roamane Fault) and Figure P-17d (PGC017-M126). These textures 
provide unequivocal evidence that gold replaces D vein pyrite in both the Roamane Fault 
and M126 structures. These observations are important when it comes to reconstructing 
the transport and depositional mechanisms for Au as will be discussed later. 
Lattice calcite has been noted in the M126 vein where it generally precedes pyrite and is 
commonly pseudomorphed by fine grained quartz (see Figures P-18a and b). Munroe 
also (1996) describes lattice calcite from the Footwall Breccia Zone. 
4. 7 A-D Intersections 
As mentioned in the previous chapter the intersection of A and D veins is generally 
associated with linear, steeply dipping, high grade ore shoots. Figure LG-19a shows a 
sketch of an area of A-D intersections (Footwall Splay Zone - 25L34x/c) hosted in altered 
sediment. Note the relatively minor offsets of the A veins. Figure LG-19b is a detailed 
sketch of a particularly high grade intersection. Visible gold develops within the D vein, 
immediately adjacent to the truncated A vein, and rapidly diminishes away from the A-D 
intersection. Figure P-19c is a photomicrograph showing the 1st cycle (quartz layer 
followed by a roscoelite rich layer) of the D vein mineralization immediately adjacent to 
the truncated A vein sulphide. Several wires of gold can be seen within the early quartz 
rich layer. Figure P-19d shows another sample where a D vein hosted in altered 
sediment truncates small A veinlets within the sediment. Each A veinlet in the altered 
sediment appears to correspond to a plume like structure of roscoelitic material in the 
immediately adjacent D vein. The plumes appear to be growing into open space and 
consist of quartz, roscoelite and gold (Figure P-19e ). Figure P-19f shows one of these 
plumes with a wire of free gold running down the center. These unusual textures may 
shed light upon the nature of fluid mixing. 
Figure P-16b. Pyrite intergrown with gold and telluride (PGC 128 - 50x - long axis of 
photo is 2.4 mm) - note gold is also rimming pyrite. 
Figure P-17 a. Photomicrograph of gold replacing large pyrite grain (PGCO 11 - lOOx -
long axis of photo is 1.2 mm) - M 126 vein. 
Figure P-l 7b. Photomicrograph of gold replacing coarse grained pyrite showing 
preferential replacement along pyrite crystal axis (PGCOl 1 - lOOx - long 
axis of photo is 1.2 mm) - M126 vein. 
Figure P-17 c. Photomicrograph of gold replacing etched pyrite (PGCO 11 - 1 OOx - long 
axis of photo is 1.2 mm) - M126 vein. Note gold crosscuts growth 
banding in pyrite. 
Figure P- l 7d. Photomicrograph of gold replacing etched pyrite (PGCOl 7 - 400x - Iona 
axis of photo is 300 µm) - M126 vein. 0 
Figure P-18a. Photomicrograph of fine grained quartz pseudomorphs after bladed calcite 
(PGC008b - 50x - long axis of photo is 2.4 mm) - M126 vein. 
Altered Sediment 
host rock - cut by 
numerous early grey 
pyrite (G) stringers 
and B veinlets 
Rgure P-19a A-D intersection hosted in altered sediments (25L37x/c ). 
Note A veins offset by normal movement along the D vein. High grade 
gold is frnmd along linear ore shoots defined by these intersections. 
Figure P-l 9b. Detailed sketch of 
A-D intersection. Note increased 
Au concentration near intersection 
D Altered Sediment 
-
"A" Vein Sulphide 
~ Drusy Quartz 
D Quartz Roscoelite 
"' 
"" 
Barite Crystals 
"" "' 
/'.ff: Native Gold 
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Figure P-18b. Same as above but crossed polars (PGC008b - 50x - long axis of photo is 
2.4 mm). 
Figure P-19c. Refer to Figures P-19a and c. Photomicrograph of the 1st cycle of the D 
vein adjacent to the A vein (PGC086a - 15x - trans.+ refl . light - long axis 
of photo is 8 mm) - note wires of gold within the early quartz layer. 
Figure P- l 9d. Photomicrograph of D vein hosted in altered sediment tmncating three thin 
A veins in altered sediment (PGC099 - 15x - long axis of photo is 8 mm). 
Note plumes of roscoelitic material protruding into the vein. 
Figure P-19e. Same as above but reflected light (PGC099 - 15x - long axis of photo is 8 
mm). Note plumes are cored with wires of gold (refer to discussion in 
text). 
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Both A and D type pyrite are observed in A-D intersections. In many cases the two 
pyrites are intergrown and can be difficult to differentiate under the microscope. Figures 
P-20 a, band c show the results of etching pyrite from an A-D intersection in nitric acid. 
Etching clearly differentiates the two pyrites. The early A vein pyrite is relatively 
unaffected by the acid whereas the later D vein pyrite is strongly etched revealing well 
laminated overgrowths of fine pyrite. The susceptibility of pyrite to etching with acid is 
probably a function of the number of defects in the crystal lattice which, in the case of 
Porgera, is most likely a function of the rate of deposition. If the number of defects 
relates to the rate of deposition then, D vein pyrite was deposited much more rapidly than 
the early A vein pyrite. 
4 . 8 C Type Mineralization 
The general character and setting of C type or Crackle Breccia mineralization has been 
described in a previous section. It is recognized primarily in the surface mine in the 
hanging wall of the Roamane Fault. The mineralogy is ·roughly similar to D veins, but C 
veins contain less roscoelite, less pyrite and less gold. They consists of fine grained 
drusy quartz with subordinate calcite, trace to minor pyrite, marcasite and locally minor 
sericite and roscoelite. Fragments of brecciated AJB vein sulphide occur locally. 
Richards and Kerrich (1993), and Fleming et al. (1986) both place C type mineralization 
within the early stage I part of the paragenesis. Paragenetic evidence from this study do 
not support this early position of C veins which are in this study placed within stage II. 
4. 9 Discussion 
In the preceding chapter the focus has been upon documenting the textural and 
paragenetic observations. Key paragenetic observations are: 
• the ubiquitous replacement of stage I sulphide by stage II quartz and carbonate 
indicating severe disequilibrium, 
• the cyclic nature of the D vein paragenesis - ie alternating layers of barren quartz with 
layers of quartz, roscoelite, pyrite and gold, 
• 
• 
the occurrence of high grade gold mineralization at the intersection of AJB and D 
veins - this observation applies equally from thin section scale to mine scale 
the replacement of stage II pyrite by native gold in some of the high grade quartz 
roscoelite veins. 
Figure P-19f. Blowup of roscoelite rich plume in d and e above (PGC099 - 50x -
transmitted and reflected light - long axis of photo is 2.4 mm) - note gold 
wire in center of plume. 
Figure P-20a. Photomicrograph of pyrite from A-D intersection etched with nitric acid 
(PGC073 - 15x - long axis of photo is 8 mm). Rapidly deposited stage II 
pyrite is much more susceptible to etching. 
Figure P-20b. Blow up of above (PGC073 50x long axis of photo is 2.4 mm) -
showing strongly etched stage II pyrite overgrown on weakly etched stage 
I pyrite. 
Figure P-20c. Another nearby area in same thin section as above showing two pyrites 
(PGC073 - 50x - long axis of photo is 2.4 mm). 
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Each of the observations provide important constraints upon the evolution of the Porgera 
hydrothermal system. Any model that attempts to explain the evolution of Porgera must 
also explain these observations. 
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5 Whole Rock and Mineral Geochemistry, and X-Ray 
Crystallography 
5 .1 X-Ray Crystallography 
X-ray diffractometer patterns have been measured for a series of Porgera rock types 
including black shale, altered sediment, and altered intrusion. Patterns were analysed 
both manually and using the UPDSM peak stripping program. Clay separates were run 
on some of the less altered black shales and altered intrusive rocks. Separates were run 
before and after glycolation, and after heating to 350°C; characteristic peak shifts were 
used to differentiate sericite/illite from smectite and mixed layered clay minerals. Results 
are qualitative and are listed in Table WR-1. 
Table WR-1 
Rock Type 
Black Shale 
Altered Sediments 
Altered Intrusion 
Mineralogy 
quartz, sericite/illite, albite, kaolinite, +/- randomly 
interstratified illite/swelling clay (probably smectite ), 
+/-clinochlore, carbonate and pyrite 
quartz, sericite, carbonate and pyrite+/- K-spar 
quartz, sericite, carbonate+/- albite 
Kaolinite is present in samples of least altered black shale but is less common in 
incipiently altered black shale and is completely absent in altered sediment. One sample 
of 'fresh' black shale contained a randomly interstratified illite/swelling clay (probably 
smectite) mixture. Altered sediments generally show a simpler mineralogy and appear to 
contain more sericite than their less altered counterparts (although this is difficult to 
quantify using XRD). While there is no visible alteration of black shale next to A veins, 
XRD analyses of a pair of shale samples (PGC298 and PGC299), located immediately 
next to and - 45 cm from an A vein, show an increase in sericite and loss of kaolinite next 
to the vein (Table WR-2). 
The intensity of alteration of intrusions next to A and D veins prompted a search for clay 
minerals in their XRD patterns (clay separates were used). Out of five intensely altered 
samples only one shows any evidence of clay minerals while the other four contain 
sericite as the only phyllosilicate. PGC081, which is an altered diorite selvedge next to 
an A vein, shows evidence of a mixed smectite/chlorite or smectite/illite intergrowth. 
Semi-quantitative XRD analyses were conducted on five sediments using the Siroquant 
program and the results are listed in Table WR-2. Note that errors in the percentage of 
Whole Rock and Mineral Geochemistry 
any mineral may be up to+/- 5 wt %. 
Table WR-2 Siroquant Analyses 
PGC155 (least alt bkSh) PGC244 (incip. altSed) 
quartz 33% quartz 29% 
sericite/illite 44% sericite/illite 52% 
albite 7% siderite 10% 
chlorite 9% albite 7% 
calcite 2% pyrite 2% 
ankerite 4% 
pyrite 1% 
PGC259 (altSed) 
sericite/illite 59% 
quartz 36% 
ankerite 5% 
PGC298 (bkSh - 45 cm from A vn) PGC299 (bkSh next to A vn) 
sericite/illite 51 % sericite/illite 59% 
quartz 33 % quartz 37 % 
kaolinite 5% pyrite 3% 
calcite 5% brookite 1% 
siderite 4% 
ankerite 1% 
pyrite 1% 
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It should be noted that while Siroquant analyses of PGC155 did not identify any clay 
minerals, kaolinite was clearly identified in a clay separate from the same sample. 
In general quartz veins at Porgera lack K-feldspar, however, one sample (PGC217) of 
intensely altered siliceous material did contain significant K-feldspar. The UPDSM peak 
stripping program identified approximately -50 % K-feldspar. This sample was collected 
from a knot (-10 m across) of intensely altered and indurated material surrounded by 
sheared black shales and occurring within the Roamane Fault in the open pit. The same 
material contained abundant coarse gold. K-feldspar was also identified in XRD patterns 
from two samples (PGC257 and PGC230) of intensely altered sediment next to an D 
veins. K-feldspar has not been identified in the intrusive rocks. 
5 . 2 Whole Rock Geochemistry 
The whole rock geochemistry of the PIC has been described in detail by Richards (1990) 
and was reviewed in chapter three (Local Geology). This section is concerned with 
alteration geochemistry of both the igneous and sedimentary rocks and how this can be 
used to place constraints upon fluid chemistry. Major and trace element analyses are 
listed in Appendix I. 
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In preparing both the altered sediments and altered intrusive rocks for analytical work it 
was at times necessary to remove small sulphide and/or carbonate stringers before 
crushing. Nevertheless, some samples still contain minor quantities of sulphidic 
contaminants whose heterogenous distribution may account.for significant noise in some 
of the chalcophile elements. 
5.2.1 Black Shale and Altered Sediment Geochemistry 
In terms of major and trace element chemistry Porgera black shale is quite normal when 
compared to Mesozoic shale in other parts of the world. Local base metal enrichment 
may be due to finely disseminated stage I mineralization (some samples that looked fresh 
in the field were later shown to contains significant amounts of finely disseminated 
pyrite), however, the possibility of syngenetic sulphide cannot be ruled out. 
The total organic carbon (TOC) content of 14 black shales (Chim Formation) from 
Porgera are listed in Appendix II. TOC ranges from 0.17 to 0.69 wt % with an average 
of 0.27 wt %. These values are significantly lower than was expected on the basis of 
their dark colour. The average organic carbon content of Mesozoic and Cenozoic black 
shales reported by Clarke (1924) is about 0.7 wt%. According to Blatt, Middleton and 
Murray (1980), "Most darkening of rock colours through shades of grey to black results 
from the presence of organic matter, but the darkening is not closely linked to the percent 
of organic carbon." Trask and Patnode (1937) investigated the relationship of colour to 
the amount of organic carbon in sediments (based on 1000 sediments of various 
lithology's) and concluded that shale with 0.27 wt % organic carbon should be light in 
colour, whereas a dark shale should contain 1 wt % or more organic carbon. At Porgera 
it is quite possible that the host shale has undergone depletion of organic carbon. The 
dark colour may in part be due to the presence of finely disseminated pyrite which 
generally constitutes more than 0.5 wt % of the rock, even in those samples distal from 
mineralization. 
The alteration of black shale to form altered sediment represents the earliest hydrothermal 
event at Porgera. Figure WR-1 shows a series of plots which compare the chemistry of 
black shale and altered sediment. Figures WR-1 a and b show that Rb, Ba and K20 are 
all enriched in altered sediment when compared to black shale which has lower levels of 
these elements. Lead, Zn, and Sr (Figures WR-le and d), on the other hand, show a 
relative depletion during the alteration event. Sporadic high values of Pb and Zn in 
altered sediment may be due to small amounts of later stage I disseminated sulphide 
mineralization, rather than the alteration event which formed the altered sediment. 
Figures WR-le, f and g show that H20 and C02 have also undergone a weak depletion 
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in altered sediment. Relatively little variation is observed for Na20 as shown in Figure 
WR-lh. In Figure WR-li CaO is plotted against C02. The high Cao and C02 values for 
some altered sediment are most likely due to later calcite precipitation in thin veinlets, 
despite the fact that most of these were cut out before crushing. Disregarding these 
'contaminated' samples the trend is one of CaO and C02 depletion in the altered 
sediments. In general whole rock data indicate that sediment alteration was accompanied 
by sericitization of kaolinite and possibly decalcification. 
The Au and Ag content of 13 samples of black shale and 18 samples of altered sediment 
are listed in Appendix 1.3. Gold content of black shale ranges from< 1 to 24,170 ppb, 
while the Au in altered sediment ranges from 2 to 2,367 ppb Au. The highest Au values, 
in both black shale and altered sediment, are probably due to small amounts of sulphide 
mineralization, and therefore, disregarding the high values (ie > 100 ppb Au) it can be 
seen that altered sediment contains -9 to 50 ppb Au while black shale contains less than 5 
ppb Au (of course this low value for some shales may simply reflect the heterogenous 
distribution of Au - screened fire assays might resolve this question). While the Ag to Au 
ratio of stage I mineralization is typically 4: 1 (Handley and Bradshaw, 1986), it is 
generally much higher in unmineralized black shale (ie 50: 1 or more; in altered sediments 
the ratio is highly variable). 
5.2.2 Phyllic Alteration oflntrusive Rocks 
Another series of variation diagrams has been constructed for the intrusive rocks, 
comparing relatively fresh diorite (hornblende diorite) and gabbro (augite-hornblende 
diorite) with their altered equivalents. Data are also shown for feldspar porphyry (which 
is always altered) and the 'contact gabbro'l. Figure WR-2a shows a strong correlation 
between K10 and Rb as was observed for the altered sediments, however, Figure WR-2b 
shows that Ba has undergone a weak depletion (note it is enriched in altered sediments) 
relative to fresh rocks. Strontium (Figure WR-2c) is strongly depleted in altered intrusive 
and a plot of Zn versus Pb (Figure WR-2d) shows only weak depletion in Zn. Figures 
WR-2e, f, and g show that both C02 and H20 are significantly enriched during alteration 
while Figure WR-2h shows strong depletion in Na20. In general these data can be 
explained by the sericitization of plagioclase. 
While altered sediment and phyllic altered intrusions are characterized by parallel 
increases in K10 and Rb, and a decrease in Sr, they appear to be decoupled with respect 
to H20, C02 and Ba. These data suggest that the formation of altered sediment and the 
I This sample was referred to in chapter three (PGC325 - 2660RL - Waruwari) . It consists of altered 
gabbro from a narrow 1-2 m thick zone of bleaching and alteration which runs along the contact (just 
within the gabbro) with altered sediment. 
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phyllic alteration of intrusive rocks were caused by two different fluids. 
The Au and Ag content of 19 samples of intrusive rock are listed in Appendix 1.3. Most 
of these samples are relatively fresh (except for PGC 151 b and PGC 182b and c) and 
contain only a few ppb (generally < 10) Au and generally < 1 ppm Ag. High Au values 
above 100 ppb are probably due to small amounts of sulphide mineralization. 
5 . 3 Isocon Diagrams 
Isocon (after Grant, 1986) diagrams are used to asses the relative gains and losses 
between selected pairs of samples. For the purpose of this exercise aluminum has been 
considered immobile so changes are read according to this assumption. Note that for 
many elements a scaling factor has been applied in order to simplify plotting. 
In Figures WR-3a and b, two different samples of altered sediment (y-axis) are plotted 
against the same sample of least altered black shale (x-axis). Gains in excess of 25 % 
have been observed in K10, As, Rb, Ba and S whereas losses in excess of 25% are 
observed for Na20, CaO, FeO, C02, Pb, Zn, Cu and Sr. Note that the gain in Fe203 
and the accompanying loss in FeO shown in both diagrams suggests that oxidation may 
accompany alteration, however, the general population does not display this trend and 
there is no clear relationship between the ratio of Fe203 to FeO and degree of alteration 
(small amounts of heterogeneously disseminated sulphide would mask most variation). 
Figure WR-4a, band c show isocons for phyllic alteration of hornblende diorite next to A 
veins. Significant gains (ie > 25 %) are observed in K10, H20, C02, As, Pb, Rb, and 
sulphur while significant losses are recorded for Na20, Sr and Ba. Figure WR-Sa, band 
c show isocons for phyllic alteration of diorite next to D veins and record a similar pattern 
of gains and losses to that observed for A vein alteration. Vanadium enrichment is 
observed in many D vein altered samples and is due to the local presence of small 
amounts roscoelite. The results of isocon plots are summarized in Table WR-3 below. 
Table WR-3 Alteration Characteristics 
Alteration Pair Gains Losses 
bkSh/altSeds K10 Rb Ba As Na20 Cao C02 
H20 Sr Pb Zn Cu 
Diorite/ A vein altn K10 H20 C02 As Na20 Sr Ba 
PbRbS 
Diorite/D vein altn K10 C02 H20 Pb Na20 Sr Ba 
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These data indicate that the phyllic alteration associated with both A and D vein alteration 
selvedges are essentially the same in terms of mass balance. Altered sediments, on the 
other hand, record a different style of alteration with the main differences being H20, 
C02, Pb and Zn depletion, and Ba enrichment. The significance of these differences will 
be discussed in the next chapter. 
5 . 4 Mineral Geochemistry 
Electron microprobe (EMP) analyses have been conducted on a range of minerals from 
different vein assemblages. The composition of sphalerite and carbonate, and the trace 
element content of pyrite were the main focus of this investigation. Standard EMP 
analyses were conducted by the author at the Research School of Earth Sciences whereas 
X-ray imaging (with EMP analyses) was conducted by Bruce Robinson at CSIRO's 
Electron Beam Laboratory in Wembley, West Australia. 
5.4.1 Sphalerite Compositions 
The FeS content of natural sphalerite varies between 0 and a maximum of 45 mole % 
(Deer, Howie and Zussman) and is known to be sensitive to changes in a02 and aS2 
(Barton et al., 1977). The maximum FeS content of sphalerite in the absence of 
pyrrhotite is approximately 20 mole%. 
At Porgera black (deep red in transmitted light) Fe rich sphalerite is a common constituent 
of A vein sulphides. D veins, on the other hand, contain almost no sphalerite except for 
trace amounts of an orange to yellow Zn-rich sphalerite (which is locally hosted in the 
quartz roscoelite layers); however, relict fragments of black A vein sphalerite are not 
uncommon. 
The FeS content of sphalerite from a selection of mineralized veins is listed in Appendix 
1.4. Most A vein sphalerite contains between 14 and 22 mole % FeS (this does not 
appear to be dependent upon host rock lithology). In detail, A vein sphalerite commonly 
contains thin growth bands of Zn rich yellow sphalerite which range from only a few 
microns to 1 mm in thickness; the transition between Fe rich and Zn rich sphalerite is 
typically abrupt. The Zn rich bands contain between about 5 and 11 mole % FeS . 
Manganese and Cd are also present in A vein sphalerite and may reach up to 0.53 and 
0.57 wt % respectively. There is a positive correlation between Mn and Fe but no 
correlation is observed between Cd and Fe. 
An extreme example of compositionally banded sphalerite was shown in Figure P-3b 
(PGC088), which was taken from a composite A-D vein from the southern margin of the 
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Waruwari intrusion. Here an early thick sequence of compositionally banded (alternating 
deep red and yellow bands) sphalerite is conformably overgrown with a late, optically 
clear, sphalerite. The deep red sphalerite ranges from 14 to 22 mole % FeS and the 
yellow interlayered sphalerite contains about 10 to 11 mole %. The late optically clear 
sphalerite contains 1 mole % FeS or less. 
At Wangima, along the eastern margin of the system, yellow Zn-rich sphalerite appears to 
be more common even in A veins, although black sphalerite is also observed in some 
veins. Here the yellow sphalerite contains about 1 mole % or less FeS (as mentioned in 
chapter four this sphalerite appears to be part of the A vein assemblage). In general, 
yellow Zn-rich sphalerite appears to be more common along the margins of the system, in 
places such as Wangima, Waruwari south and the eastern deep zone (22L, 81x/c). 
5 .4. 2 Pyrrhotite Composition/Geothermometry 
The composition of pyrrhotite in equilibrium with pyrite provides a potential estimate of 
temperature and aS2 (Toulmin and Barton, 1964). At Porgera rare pyrrhotite bearing A 
veins occur in the Rambari intrusion (in the open cut) north of the Roamane Fault. 
Pyrrhotite in these veins co-exists with, but is not necessarily in equilibrium with pyrite 
and sphalerite. Pyrrhotite from two of these veins shows a range in iron content of 
0.468 to 0.477 at.% Fe which corresponds to a temperature range of 200 to 400°C and an 
aS2 of between about -15 and -7 log units. 
5 .4. 3 Arsenopyrite Composition/Geothermometry 
The composition of arsenopyrite and the activity of sulphur may be combined to 
determine the temperature of formation for the assemblage pyrite, sphalerite and 
arsenopyrite (Kretschmar and Scott, 1976). The activity of sulphur is determined by the 
amount of FeS in coexisting sphalerite. Arsenopyrite was analysed in areas where it 
appeared to be in textural equilibrium with sphalerite (Asp 200 was used as a standard). 
Arsenopyrite compositions were measured in two different A veins and tend to vary 
between 30.7 and 31.6 atomic % As. The FeS content of sphalerite in apparent 
equilibrium with the arsenopyrite varies from 13 to 20 mole%. Using a value of 16 mole 
% defines an aS2 vs T relationship (Barton and Toulmin, 1966) which can be 
superimposed upon Figure 7 of Kretschmar and Scott (1976) for the arsenopyrite 
geothermometer. The aS2 vs T relationship is essentially collinear with the pyrite-
pyrrhotite reaction curve and yields a temperature range of 350 to 400°C. That this 
temperature is somewhat higher than that determined for A vein sphalerite by Richards 
and Kerrich (1993), may indicate either a slightly higher temperatures during 
arsenopyrite-sphalerite-pyrite deposition, or it may simply reflect the lack of equilibrium 
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below temperatures of about 350°C. 
5 .4.4 Gold and Arsenic in Pyrite 
EMP analyses of both A and D vein pyrite are listed in Appendix 1.4. Results indicate 
highly anomalous Au and As values of up to 0.9 wt % Au and 7 .7 wt % As in D vein 
pyrite. The highest Au and As values are found in the high grade M126/Roamane Fault 
type veins and AID intersections. D veins in the Footwall Splay Zone generally contain 
less As (0.5 to 2 wt % ), and below detection Au, however both values tend to increase in 
the vicinity of even small A or B veins. In A vein pyrite, Au is below detection (about 
750 ppm) and As ranges from about 300 ppm to 2.4 wt%. Given the high detection limit 
for Au ( -300 to 800 ppm) there may still be considerable Au hosted in A vein pyrite. 
Figure WR-7a shows a plot of As wt% against Au ppm for D vein pyrite, and shows that 
while high Au is associated with high As there is no correlation between the two (ie 
within this population). Figure WR-7b plots at. % S against at. % As and shows the 
position of both A and D vein pyrite. Notice that there is overlap, indicating that some D 
vein pyrite has as little As as A vein pyrite. Sulphur and As show an inverse relationship 
which is due to their both occupying the anion site in pyrite; the line in Figure WR-7b 
corresponds to stoichiometric replacement of S by As. Deviation from this line may be 
partly due to instrumental effects, however, there is some dependency among samples as 
well. The high As and low S analyses (in the upper left), for example, are all from the 
same sample (PGC073). Figure WR-7c is a plot of Fe (at.%) against Au (at.%) in D 
vein pyrite and shows no correlation (the near vertical line represents Au for Fe 
substitution). 
Within a given sample of high grade D vein pyrite, the Au content tends to increase 
towards the outer margin of the grain or band. Figure WR-8b, c and d show a series of 
X-ray images for Au, As and Cu within a thin layer of high grade pyrite taken from a D 
vein in the Roamane Fault (PGC128). The rims of these pyrite grains are overgrown 
with native Au, while the interior of the grains contain blades and clots of telluride and 
subordinate Au which replace the pyrite (Figure WR-6). The X-ray images show well 
developed growth banding within the pyrite; the images for As and Cu are well defined 
while the image for Au is weaker due to its lower abundance. More detailed images are 
shown in Figures WR-8d, e and f. 
Owing to the presence of late rims of pure Au which coat the pyrite grains, there is a 
possibility of an edge effect which may show up as a late band of auriferous pyrite. 
Close inspection of the Au maps, Figure WR-8h in particular, does show a layer of Au 
rich pyrite along the grain margins, however, the level of detail in this late band coupled 
Figure WR-6a. Photomicrograph of high grade ore from M126 showing gold rimming 
(and replacing) pyrite (PGCO 11 - 1 OOx - long axis of photo is 1.2 mm). 
Iron (at%) 
Figure WR-7. Trace element plots for Au, As and Fe in pyrite; 
a.) wt% As versus Au in D vein pyrite; b.) at.% S versus at.% As; 
c.) at% Fe versus at.% Au. 
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Figure WR-8. BSE and X-ray images of stage II pyrite (Roamane Fault hosted D vein). Note native Au rimming pyrite 
and blades and clots of telluride replacing pyrite a.) BSE image; b.) X-ray image for As; c.) X-ray image for Cu; 
d.) X-ray image for Au. Note Au rim as well as Au-rich telluride blades and clots within pyrite. 
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Figure WR-8 continued. Detailed x-ray images; e.) BSE image showing traverse positions 
f.) Detailed x-ray image for arsenic; g.) Detailed x-ray image for copper; h.) Detailed x-ray image for gold 
- note width of Au filled fractures and telluride blades and clots is exagerated due to high beam current. 
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with the presence of a parallel but thinner band deeper within the grain cannot possibly be 
explained by an edge effect. The X-ray images indicate that As, Cu and Au occur in a 
solid solution within the pyrite structure. 
Results of two detailed EMPA traverses are plotted in Figures WR-9a and b (the traverses 
are located in Figure WR-8e). Notice that in both traverses there is a rapid decline in Au 
content away from the rim of the grain and that bands of low Au are correlated with bands 
of low As. Copper on the other hand appears to be more enriched in the cores of the 
grains as shown in Figures WR-8g and WR-9b. 
Similar occurrences of highly anomalous Au values in arsenical pyrite have been noted at 
several localities and are referred to in the literature as 'invisible gold' (Mao, 1991; Fleet 
et al., 1993; Arehart et al., 1993; Fleet and Mumin, 1997). For example auriferous 
arsenical pyrite appears to be a relatively common feature of Carlin-type sediment-hosted 
Au deposits (Arehart et al., 1993; and Fleet and Mumin, 1997). Arehart et al. (1993) 
suggest that Au and As undergo a coupled solid solution in pyrite with Au being 
dissolved in the structure as Au3+. Fleet and Mumin (1997) on the other hand, favour a 
removal of Au from ore fluids by " ... chemisorption at As-rich, Fe-deficient surface sites 
and incorporated into the solids (pyrite, marcasite, and arsenopyrite) in metastable solid 
solution." 
5 .4. 5 Carbonate compositions 
Carbonate occurs in all vein types and alteration styles at Porgera. EMP analyses of the 
various carbonates are listed in Appendix 1.4 and are plotted in Figure WR-1 Oa. A vein 
carbonate ranges in composition from pure dolomite to compositions with about 50 mole 
% ankerite (CaFe(C03)i) end member. High Ca contents of many 'dolomites' may 
indicate metastability or conversely small scale heterogeneity. A small number of points 
plot between the dolomite/ankerite solid solution and the siderite/magnesite join; these are 
either metastable or represent mixtures of two carbonates (they fall below the ternary 
solvus - see Anovitz and Essene, 1987). The composition of carbonate in the altered 
selvedges (ie altered intrusion) to A veins is similar. Interestingly, the entire range in A 
vein carbonate compositions (ie siderite, the entire range in dolomite-ankerite solid 
solutions and calcite) can be observed in a single thin section (PGC015 for example). 
Carbonate is less common in D veins and occurs generally only early in the paragenesis 
(disregarding the late carbonate flooding which is late Dor F). Early D vein carbonate, 
which is only locally developed, may consist of calcite, dolomite or siderite. As shown 
in Figure P-1, this early D vein carbonate is temporally equivalent to A vein carbonate. 
Due to the fine grained nature of both altered sediments and hornfelsed sediments, 
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carbonate compositions were difficult to determine by microprobe. The few analyses that 
were obtained indicate an iron rich carbonate in the altered sediment and either dolomite or 
calcite in the hornfelsed sediments, however, it is unknown whether these compositions 
are typical of the rock types. 
Most carbonates at Porgera contain a small amount of Mn but this is generally less than 
15 mole%. The highest Mn content observed in A vein carbonate was 54 mole%. 
The data from this study are different to that reported by Richards and Kerrich (1993) 
who plotted carbonate compositions on a Ca-Fe-Mn ternary. If the data from this study 
are plotted on the same diagram (Figure WR-lOb) they fall mostly outside the field 
defined by Richards and Kerrich. Given the extreme variation in carbonate composition 
and it's inherent heterogeneity, such discrepancies are perhaps not so surprising. In fact 
combining the two data sets probably yields a more accurate picture of carbonate 
composition. 
5.4.6 Bulk Analyses of A Vein Sulphides for Gold and Silver 
Bulk analyses of A vein sulphide are listed in Appendix A.1.3 and summarized in Table 
WR-4 below. 
Table WR-4 
Sample # Au ppb Ag ppm 
PGC040sf 15,039 170 
PGC102sf 14,100 63.5 
PGCl 1 lsf 20,090 14.5 
PGCll lpy 21,060 4.9 
PGC169sf 30,895 42.5 
PGC336sf 8,100 6.5 
(sf indicates mixed pyrite, sphalerite and galena sulphide whereas py indicates a pyrite 
separate). 
These analyses indicate that A vein sulphides contain 8 to 31 ppm Au and 5 to 170 ppm 
Ag. The pyrite separate returned a similar concentration of 20 ppm Au and 5 ppm Ag. 
Fleming et al. (1986) report a median Cu value of 150 ppm and combined median Pb+ 
Zn content of 4000 ppm in A vein material. 
Fleming et al. (1986) have presented data for Au, Ag, Pb, Zn, S, and cyanide soluble 
Au, in an attempt to characterize the different mineralization types. Their data are 
presented below in Table WR-5. A and B type mineralization have similar metal content, 
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ratios, and cyanide soluble Au. E type mineralization is unique in terms of its high Ag 
content due to the presence of Ag sulphosalts such as freibergite and pyrargyrite. 
Table WR-5 (after Fleming et al., 1986) 
Type Median Metal Ratio Median metal content Median% 
As/S Au/Ag Zn+Pb (ppm) Cu (ppm) cyanide soluble Au 
A 1:5 1:4 4,000 150 40 
B 1:2 1:2 800 40 30 
c 4:1 1:1 300 100 10 
D 10:1 1:1 1,000 100 70 
E 1:10 1:30 3,000 80 40 
C and D type mineralization exhibits similar metal content and ratios, however C type 
mineralization contains only 10 % cyanide soluble Au whereas D type mineralization 
contains - 70%. This is surprising given the similar paragenetic position of both 
mineralization types. According to PJV staff roasting of C type ore did not lead to 
significantly higher recoveries. However, fine crushing of C type ore followed by high 
pressure leaching/oxidation, leads to recoveries of greater than 90 %. These metallurgical 
properties are consistent with the Au being encapsulated in quartz in the C type ore (Mike 
Bird, pers. com.). 
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6 The Evolution of the Porgera Hydrothermal System 
6. 1 Introduction 
This chapter develops a model for the evolution of the hydrothermal system which 
formed the Porgera $old deposit. All pertinent geologic and paragenetic data, including 
whole rock and mineral chemistry, have been described in the previous chapters. Only 
fluid inclusion and stable isotope data (to be presented in chapters 7 and 8) have yet to be 
described and these can be anticipated without difficulty. The reason for this approach is 
that it facilitates integration of the data at several different levels of observation. The fluid 
inclusion and stable isotope data, which will be presented later, can be more critically 
evaluated within this framework. 
Figure P-1, which was introduced in chapter 4, summarizes the paragenetic relationships 
at Porgera. It requires some additional comment before presentation of the model. As 
noted in chapter 4 the classification of G stringers, A, B, and D veins is nongenetic and is 
a modification of the terminology of Fleming et al. ( 1986). In the Richards and Kerrich 
(1993) genetic classification, the development of the hydrothermal system was divided 
into two temporally distinct stages, stage I and stage II. 
In the model presented here, stages I and II are considered temporally contiguous. The 
transition from stage I to stage II, was triggered by rupture of the Roamane Fault, and 
marks the beginning of a large scale decompression of the entire hydrothermal system. In 
Figure P-1 the jagged line separating stage I from stage II is a distinct temporal boundary 
which marks the instantaneous transition from stage I to stage II. On the other hand, the 
line separating stage II-A/B from stage II-D, represents a spatial demarcation and has no 
temporal significance. All quartz and carbonate hosted in A and B veins, are interpreted 
to form during the stage II decompression and are thus temporally equivalent to the quartz 
and subordinate carbonate deposited in the D vein barren quartz layers. This correlation 
is supported by paragenesis, fluid inclusion and stable isotope data (which will be 
discussed later). In A and B veins, quartz and carbonate deposition is accompanied by 
dissolution of stage I sulphide. The occurrence of quartz-roscoelite-pyrite-gold-rich 
layers only in D vein structures highlights the importance of these structures as zones of 
fluid mixing during decompression. 
It is proposed that Porgera evolved initially during stage I within the, Pb-Zn rich, 
moderately distal reaches of a porphyry hydrothermal system, within relatively 
impermeable host rocks, and under moderately high pressure. Base metals and gold were 
complexed as chloride and sulphide respectively, and deposited through slow passive 
boiling of a C02 rich moderately saline fluid at about 280°C. Rupture of the Roamane 
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Fault resulted in decompression which prematurely ended the stage I hydrothermal 
system. Fluid that originally deposited base metal sulphide and Au in the early system, 
immediately began dissolving both, and simultaneously deposited quartz and carbonate as 
the fluid flowed into low pressures zones along the Roamane Fault. Here the same fluid 
further decompressed and continued to deposit barren quartz and lesser carbonate. 
Decompression also permitted deeper sourced, fresh, oxidized magmatic fluid to quickly 
achieve similar levels within the Roamane Fault and mix with the reduced pregnant ore 
bearing fluid. Mixing of the two fluids at the intersection of stage I and II structures 
resulted in oxidation of the reduced Au bearing fluid and precipitation of the high grade Au 
rich quartz-roscoelite layers. That Au was carried in the reduced (rather than the oxidized) 
fluid is evidence by the replacement of pyrite by Au within the assemblage quartz-
roscoelite-pyrite-barite. 
The rest of this chapter will address the progressive development of the model and will 
attempt to link data and observations to an interpretive framework. 
6 . 2 Pre-Stage I Alteration 
The earliest alteration at Porgera consists of propylitic alteration of the PIC and the G 
stringer alteration of black shale to altered sediment (see chapter 4), and is referred to 
collectively as pre-stage I alteration. It is suggested that these two alteration types were 
caused by the same hydrothermal fluid which passed from the intrusions out into the 
surrounding sediment. As the fluid moved out into the sediment it became progressively 
diluted by formation water. 
Altered sediment consists dominantly of quartz and sericite with minor amounts carbonate 
and pyrite. Relative to its black shale protolith it has undergone bleaching, gains in K, 
Rb, Ba and As, and losses in Na, Ca, C02, H20, Pb, Zn and Sr. Increases in K, Rb 
and Ba result from the conversion of clay minerals (kaolinite and possibly smectite) to 
illite and sericite (this would also be accompanied by a loss of H20), while losses of Na, 
Ca, Sr and C02 are due to the breakdown of plagioclase to form illite/sericite and 
possibly decalcification. Bleaching most likely resulted from loss of organic carbon 
coupled with the recrystallization (coarsening) of finely disseminated pyrite. The leaching 
of Pb and Zn is an interesting feature of this alteration especially considering the amount 
of sphalerite and galena in later A veins. 
Characterization of the propylitic alteration of the intrusions is more difficult since no 
unaltered protolith has been identified. The propylitic assemblage, is represented in late 
miarolitic cavities which occur in some of the more felsic intrusions. These cavities 
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contain the assemblage biotite, epidote, chlorite, K-feldspar, calcite, magnetite, hematite 
and rare quartz. The quartz in these cavities contains saline fluid inclusions which may 
contain up to three daughter salts and which homogenize at temperatures of up to 475°C. 
The pH of this fluid within the intrusions would be such that K-feldspar was initially 
stable. 
Both alteration types are oxidized but the altered sediment has undergone a greater degree 
of metasomatism than the igneous rocks which are only weakly altered. That the 
alteration is weaker in the intrusions does not suggest a different fluid, but indicates that 
the intrusions were closer to equilibrium with the fluid. Compared to intrusions, black 
shale would have been, both thermally and chemically, further from equilibrium with the 
pre-stage I fluid. 
Richards and Kerrich (1993) report salinities ranging from 4 to 17 wt% NaCl equiv. 
(based on freezing data from calcite, andradite and apatite), homogenization temperatures 
from 105 to 450°C and estimate an initial pressure of 450 bars (based on critical 
homogenization in calcite) for the fluids responsible for the propylitic alteration. 
Stratigraphic constraints (chapter 3) indicate the presence of between 1,400 and 2,200 m 
of limestone overburden at the time of mineralization which corresponds to a lithostatic 
pressure of about 380 to 590 bars (assuming a density of 2.7 for the limestone). 
The above observations are compatible with the early alteration having been caused by 
interaction with a saline, oxidized, moderately acidic, evolved deuteric fluid. At Porgera 
this fluid appears to have emanated from the intrusions and moved out into the black 
shale, and it is considered likely that the same was true of fluids derived from the large 
parental stock which has been modelled at depth (Logan, 1993). In this scenario an 
originally high temperature deuteric fluid sourced from the intrusions, cools and becomes 
progressively diluted with formation water giving rise to a more dilute propylitic fluid 
which reacts with both igneous and sedimentary rockl. As the fluid cooled and moved 
out into the host rock, it reacted with the black shale and produced altered sediment. 
Figure EP-1 a illustrates the proposed pre-stage I setting. The main characteristics of the 
pre-stage I fluid are summarized in Table EP-1 . 
1 A similar interpretation of propylitic fluid processes was proposed by Richards and Kerrich ( 1993) who 
suggested mixing between a lower salinity fluid and a more saline component. 
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Table EP-1 Pre-Stage I Fluid Characteristics 
Temperature ThL-v ranges from 105 to 450°C (Richards and Kerrich, 1993) 
- 420°C mt-hm-bt-ksp invariant assemblage (this study) 
Salinity 
Pressure 
Richards and Kerrich (1993) report 4 to 17 wt% NaCl equiv., 
however salinities probably range up to halite saturated as recorded in 
high T vesicles 
initial content unknown but becomes carbonate undersaturated 
with cooling 
oxidizing - 10-23 (420°C) bars mt-hm-bt-ksp invariant ass 
lithostatic - pressure estimate of 380 to 590 bars (based on stratigraphy) 
- 450 bars (Richards and Kerrich, 1993) 
6. 3 Stage I: The Sulphide Stage of A and B Veins 
During stage I, pyrite, arsenopyrite, sphalerite, galena and gold were deposited along 
extensional fractures (Munroe, 1996) to form the early sulphidic portions of A and B 
veins. The sulphide in these veins may contain 10 to 20 ppm Au which may be present 
either as small micron scale blebs, or may be more homogeneously distributed within the 
sulphide (as was found for stage II pyrite). As shown in chapter 4, this mineralization 
clearly postdates the earlier propylitic and G stringer (pre-stage I) alteration. Where 
hosted by intrusions, A and B veins are associated with moderate to strong phyllic 
alteration selvedges which may be developed up to 1 m away from the vein. However, 
where A and B veins are hosted by black shale they do not display any visible signs of 
alteration. 
In chapter 5, A vein phyllic alteration of the intrusive rock was shown to be characterized 
by increases in K, As, Pb, Rb, S, C02 and H20, and losses in Na, Sr and Ba. These 
changes further support the petrographic observations which indicate, the sericitization of 
plagioclase, and the introduction of dolomitic carbonate and disseminated base metal 
sulphide during alteration. Interestingly, XRD analyses of a black shale (PGC299) 
immediately adjacent to an A vein showed an increase in sericite, and loss of kaolinite and 
carbonate, relative to black shale 50 cm away from the vein (PGC298). These changes in 
mineralogy are similar to those associated with the formation of altered sediment, and 
indicate that there was still limited disequilibrium between black shale and the stage I 
fluid. 
Figure WR-1 (chapter 5) shows plots of Rb, Ba, Sr, C02 and H20 against K20 for black 
shale and altered sediments. Each of these plots represents a continuous range of 
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Figure EP-la. Cartoon of pre-stage I period showing early 
formation of altered sediment along margins of intrusions. 
Elevations refer to present day setting - Darai Limestone 
has been completely removed at Porgera. Elevations are 
for present day configuration and therefore include all 
subsequent uplift. 
Stage 
Darai Limestone 
+ 3,000 mRL 
+ 2,000 mRL 
+ 1,000 mRL 
Sea Level 
Figure EP-1 b. Cartoon of stage I period showing A vein 
development. Arrows show movement of fluid up into 
the PIC and out into host sediments. Elevations are for 
present day configuration and therefore include all 
subsequent uplift. 
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sediment compositions from least altered black shale to most altered sediment. For 
example, in Figure WR-la, which plots Rb versus K20, the black shale samples alone 
define a strong linear trend with significant variation in both elements. A plot of K20 vs 
S, shown in Figure EP-2, shows that all black shale samples with high S have 
correspondingly high K. The scatter in S content at the high K end of the spectrum 
probably reflects heterogeneity of sulphide distribution. These data lend further support 
to the concept of limited disequilibrium between black shale and stage I fluid. 
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While there appears to be a cryptic alteration of black shale, associated with stage I 
sulphide mineralization, it is weaker than that which affected the altered sediments. Note 
also, that the altered sediment is bleached while black shale undergoes no colour change 
next to AfB veins (black shale mineralized with stage I pyrite may contain up to 0.69 wt 
% organic carbon). The alteration front is marked by the transition from black shale to 
altered sediment and probably marks the redox boundary reflecting oxidation of the 
organic carbon. On the basis of geochemistry, the alteration appears to be gradual 
reflecting a continuum of compositional change between the least altered black shale and 
the most altered sediment. This suggests a fluid reacting with, and becoming 
progressively buffered by the host black shale, and indicates a probable relationship to the 
_earlier pre-stage I fluid. 
Richards and Kerrich (1993) describe fluid inclusions from stage I sphalerite which show 
a range in ThL-v from about 200 to 340°C with an average ThL-v of 273 +/- 29°C (see 
Figure Fl-1). From the same sphalerite they report salinities which typically range from 7 
Evolution of the Porgera Hydrothermal System Page 57 
to 11 wt% NaCl equiv with an average of 9.5 +/- 1.8. They also describe vapour rich 
(their type 3) inclusions which occur locally as secondary trails in sphalerite and 
psuedosecondaries in late quartz. 
Additional evidence from the current study (chapter 7) suggest that this fluid contained a 
minimum of 2 molal C02. This value can be used to correct the salinity data of Richards 
and Kerrich to an average salinity of 7.8 wt % NaCl equiv (Hedenquist and Henley, 
1985). The high FeS content of the black sphalerite (> 10 mole% FeS), implies reducing 
conditions of below 10-36 loga02 (Barton et al., 1977), and constrains aS2 to 
approximately 10-7 at 400°C or 10-10·7 at 300°C (Barton and Toulmin, 1966). The main 
characteristics of the stage I fluid are summarized in Table EP-2. During stage I fluids 
were at their closest approach to an equilibrium state, thus Richard and Kerrich's (1993) 
average Th values for sphalerite are probably a meaningful measure of fluid temperature. 
During stage II however, average values are not considered representative measures of 
fluid temperature (as will be discussed in the next chapter). 
Table EP-2 Stage I Fluid Characteristics 
Temperature - ave Th1.,-v - 273 °C from FI's in sphalerite (Richards and Kerrich, 1993) 
Salinity 
C02 
loga02 
logaS2 
Pressure 
- - 1 molal NaCl or 5.5 wt% (corrected for C02 after Richards 
and Kerrich) 
- estimated of at least 2 molal, based on fluid inclusion work (this study) 
- reducing< 10-35 (based on sphalerite composition - this study) 
- 10-1 @ 400°C or 10-10·7 @ 300°C (based on sph comp - this study) 
- lithostatic - 450 bars, based on solvus of 2 molal C02 and 1 molal 
NaCl fluid (Drummond, 1981); Richards and Kerrich also estimate 
- 450 bars 
The combined characteristics of the stage I mineralization indicate a fluid with a distinctly 
different character to the pre-stage I fluid described above. Compared to this early (pre-
stage I) fluid, the stage I fluid is significantly more reactive towards the igneous rocks, 
but much less reactive towards black shale. The evolution of the stage I fluid can be 
understood as the result of continuous interaction between the early pre-stage I fluid and 
the enclosing black shale host rock, such that the pre-stage I fluid is characterized by its 
approach to equilibrium with the intrusive rock, and stage I fluid is characterized by 
approach to equilibrium with the black shale. Figure EP-1 b is a sketch illustrating the key 
elements of the hydrothermal system during stage I. 
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Consider the evolution of the saline, oxidized, moderately acidic, pre-stage I deuteric 
fluid as it leaves the large parental magma chamber at depth and slowly rises into the 
overlying black shale, eventually arriving at the level of the Porgera Au deposit. The first 
fluid to leave the intrusion would encounter black shale with which it would react to 
produce altered sediment. As this and subsequent fluid flows upwards away from the 
main intrusion it will continue to produce altered sediment expanding the limits of the 
alteration front and eventually passing beyond it, out into unaltered black shale. As the 
fluid flows beyond the alteration front and into the black shale it becomes progressively 
buffered and causes progressively less alteration. 
Fluid pressures during stage I are considered to have been lithostatic despite the relatively 
shallow depth proposed for the deposit. It is suggested that the immediately overlying 
limestone-shale contact was impermeable and formed a pressure seal, thus restricting the 
vertical extent of the hydrothermal system. This contact marks a regional decoulement 
surface which has undergone considerable shearing. The significance of this constraint 
will be explored more fully in chapter 10. 
Upward flow of the C02 rich fluid, accompanied by gradual decompression resulted in 
intersection of the two phase field (boiling curve for a H10-C02-NaCl fluid). Small 
degrees of passive boiling, accompanied by the loss of C02 would lead to saturation with 
base metal sulphides and Au, which were complexed as chloride and sulphide complexes 
respectively. Sulphide deposition occurred in response to pH increase caused by the loss 
of C02 to the gas phase. Gold deposition, on the other hand, was the result of H1S loss 
to both the gas phase and to sulphide precipitation. 
In stage I A veins, pyrite was the first mineral to precipitate followed by the sporadic 
development of arsenopyrite. Sphalerite and galena saturated later and may for a brief 
period have deposited in equilibrium with pyrite and arsenopyrite. However, both phases 
are more commonly found replacing pyrite and arsenopyrite, indicating sphalerite and 
galena deposited mostly after pyrite. As shown in Figure EP-1 b these veins are found in 
and around the individual intrusions which make up the PIC. 
The difference between A and B veins may be explained by the fact that B veins are 
smaller and were filled earlier, thus restricting the access of later fluids which deposit 
arsenopyrite, sphalerite and galena in the A veins. The tendency for A veins to be more 
abundant in the intrusions and for B veins to more abundant in the sediments may reflect 
the gradual change in competency from intrusions through altered sediment to black 
shale (wider fractures in more competent rock). An alternative explanation is that the 
zoning is a result of pH buffering of the stage I fluid by the intrusions such that an 
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increased pH results in sphalerite and galena precipitation within the intrusions ( eg. Rose 
and Burt, 1979). 
6. 4 Boiling Chemistry 
The pattern of changes in sulphide solubility during stage I mineralization can be 
understood in terms of small amounts of boiling leading to the loss of C02 and HzS to 
the gas phase. The relationship of boiling to base metal sulphide and precious metal 
deposition has been investigated by Drummond ( 1981 ), Drummond and Ohmoto ( 1986), 
Cole and Drummond (1986), Reed and Spycher (1984) and Bowers (1991). 
Drummond (1981) modelled several different boiling scenarios which include open 
versus closed boiling and isothermal versus adiabatic boiling, at a variety of initial values 
of T, pH, a02, C and S. He showed that small amounts of boiling commonly leads 
to an increase in pH through the loss of the acid volatiles C02 and H1S to the vapour 
phase (he also points out that boiling can, in the absence of a suitable a02 buffer, lead to 
oxidation of the fluid due to loss of reduced volatiles such as Hz and H1S). The resulting 
pH increase causes saturation with various base metal sulphides such as pyrite, sphalerite 
and galena. In terms of pH the most important reaction is: 
(1) 
Drummond and Ohmoto (1985) use the H+/HC03- ratio to discuss the effect of C02 loss 
upon the fluid pH. They point out that fluids which are capable of a significant ( 1 log 
unit) pH increase through boiling must have H+ /HC03 - 1 such that the only significant 
acid component is carbonic acid. Fluids with H+ /HC03- > 1 are defined as containing 
excess acid (i.e. HCl, H1S04 etc.) which cannot be removed through C02 loss. 
Drummond's (1981) modelling of isothermal open boiling at 250°C (initial pH of 5), 
shows that most of the pH increase, and hence sulphide deposition, occurs in the first 5 
% of boiling as shown in Figure EP-3. At greater amounts of boiling, sulphides 
including pyrite and sphalerite become undersaturated. In all cases open boiling was 
observed to be more effective than closed boiling in terms of pH increase, however, in 
terms of total sulphide deposited closed systems were found to be more effective. The 
reason for this, as pointed out by Drummond (1981), is that H2S is depleted more rapidly 
in open boiling resulting in the eventual undersaturation with sulphide. 
It is against this background that the evolution of the stage I fluid can be understood. It is 
suggested that slow passive boiling during stage I led to deposition of base metal 
sulphides and gold. As boiling continued, H2S loss became progressively more 
5 
3 
2 
109 s ' 
-I 
-2 
-3 
OPEN 
pH;= 5.0 
T :: 250° 
I 
I 
I 
I 
I 
I 
CALCffE 
I 
I 
-4-1-~~~...--.!...-~--4-~--l...~...--~~~~........l..----J 
0 5 10 15 20 
"lo BOILING 
Figure EP-3. Boiling model (after Drummond, 1981) showing the 
log of Saturation Index (S) versus percent boiling for an open 
isothermal system at 280°C. This is Drummond's Figure 4.21. 
Dotted line marks where I,H2S drops to below 10-4 molal and 
corresponds to a reversal in the solubili~ of sulphide. Initial pHi = 
5.0, I,C = 0.5 m, and redox is fixed by LS04 = I.H2S 
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important (relative to pH changes) until, eventually, pyrite and sphalerite become 
undersaturated after only 5 % boiling. The order in which different sulphides go through 
this solubility reversal is a function of individual base metal concentrations. 
Neither Drummond (1981), nor Drummond and Ohmoto (1986) allow their model the 
possibility of redissolving sulphide. As explained by Drummond and Ohmoto (1985), 
11 
••• the solution can lose metal, sulfate, sulfide, and carbonate to the mineral phase but is 
not allowed to gain these components by redissolving minerals. 11 Thus the actual point of 
pyrite and sphalerite solubility reversal in Figure EP-3 occurs at the maxima in the 
saturation index and not where the curves fall below zero. While Figure EP-3 was 
calculated for isothermal boiling Drummond ( 1981) observes similar solubility reversals 
for adiabatic ( q = 0) boiling. 
In light of the paragenetic evidence for widespread sulphide dissolution at Porgera the 
constraints placed upon the Drummond and Ohmoto (1985) model are not appropriate to 
Porgera. For this reason boiling has been modelled so that the effects of both mineral 
deposition and dissolution are felt by the fluid. In the current study boiling was modelled 
isothermally2 at 280°C using the HCh (Version 3 .1) software package for equilibrium 
modelling (Shvarov, 1997). Oxygen fugacity was fixed at 10-35 (280°C) during runs so 
that the fluid remained below the sulphide-sulphate boundary3. To simulate boiling, 
increments of C02 and H1S are removed from the initial pyrite saturated fluid. The 
amount of gas removed was based on open system Rayleigh distillation where, 
Bis the gas distribution coefficient and y is the steam fraction (see Henley, 1984a). B 
values for C02 and H1S were calculated from Henry's Law values from the regression 
equations of Drummond (1981)4 .. Increments (steps) of 1/2 % boiling were used and it 
2Fluid inclusion data (Richards and Kerrick, 1993; and this study) indicate that stage II fluids cooled from 
around 280 to 150°C. In chapter 7 this is interpreted to result from adiabatic expansion during 
decompression. However, during the initial stages of decompression boiling will tend to be dominantly 
isothermal due to conductive heat transfer from the host sediments (R.W. Henley, pers. com.). 
Conversly, as fluids are focussed toward the Roamane Fault, W/R ratios increase to the point where heat 
derived from the host rock is overwhelmed by the enthalpic effects of a rapidly decompressing fluid, 
resulting in a significant temperature drop. Since most the sulphide dissolution is likely to occur beyond 
the Roamane Fault Zone and most high grade gold deposition occurs within it, characterization of the 
different parts of the system as dominantly isothermal and dominantly adiabatic may be a reasonable first 
approximation. 
3Drummond (1981) showed that boiling was also accompanied by oxidation due changes in the S042-
/H2S ratios (as well as C02/CH4). At Porgera the widespread dissolution of large quantities of early 
sulphide coupled with the occurrence of pyrite even in stage II quartz roscoelite layers suggests that the 
S042-1H2S ratios would have been restricted to within the pyrite stability field thus precluding the 
possibility of significant oxidation due to boiling alone. Modelling in this study was done at fixed f02 
and thus focuses on acid-base equilibria. 
4At 280°C Bco
2 
= 100 and BH
2
s = 30. These values are for gas at infinite dilution but Drummond's 
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was found that using smaller increments did not significantly affect the results (larger 
increments failed to approximate the Rayleigh integral). The model removes a fixed 
proportion of C02 and H2S from the end composition of the liquid in each previous step. 
For each run the initial composition is specified as moles of solute with respect to 1 kg of 
pure water (molality). 
The author originally thought that carbonate precipitation would have a significant effect 
upon the evolution of pH during boiling. Figure EP-4 shows that if C02 is removed in 
fixed increments - of 0.1 mole from - 1 kg of initial solution - precipitation of calcite 
retards the increase of pH. Since the solubility of sulphide is due to the competing effects 
of C02 and H2S loss, it was thought that carbonate precipitation might actually enhance 
the amount of sulphide dissolution during open boiling. In both the calcite saturated and 
unsaturated boiling runs H1S concentration was fixed only by the constraint of pyrite 
saturation; the results are shown in Figure EP-5. In the calcite saturated case, 
considerably more C02 (3.15 moles versus 1.5 moles) is required in the initial fluid to 
attain the same starting pH as the unsaturated case. Neither case dissolves significant 
sulphide, and the main effect of calcite precipitation is to reduce the amount of pyrite 
deposited with little effect on dissolution. The small reversal in pyrite solubility that does 
occur is due to continued H1S loss at relatively constant pH once the fluid runs out of 
C02. 
Given the evidence for widespread sulphide dissolution at Porgera some other mechanism 
must be operating to increase the amount of sulphide dissolved by the boiling fluid. 
Since carbonate precipitation does not have this effect the possibility of buffering by the 
host rock assemblage was considered. The first case considered was buffering by the 
muscovite-K-felspar boundary. This was investigated under calcite saturated and calcite 
unsaturated conditions - initial pH was 4.5 in both cases and saturation with sericite and 
pyrite was maintained during the run (the output for both runs is included in Appendix 5). 
The initial fluid (starting with 1 kg H10 at a pH of 4.5) contained 0.8 mole NaCl, 0.1 
mole KCl and 0.001 mole H1S (pyrite saturated). Results are shown in Figure EP-6 
which plots pH and total pyrite deposited (in moles) verses step (each step is equivalent to 
1/2 % boiling5). In the unsaturated case the pH initially increases from 4.5 to about 5.5 
in the first six steps (- 3% boiling) and then changes very little for the rest of the run. 
This levelling off of pH at - 5.5 is caused by the onset of K-feldspar precipitation as the 
fluid intersects the muscovite-K-feldspar boundary. Once pH is constrained to the 
regression equation does include salinity dependence. The only pressure correction applied was for C02 at 
280'C(where Pco2 = PT-Pw and PT-450 bars and lnKH' = lnKHP -Vg501 * (P-Pw) /R*T (after 
Drummond, 1981); assuming V g sql (volume of gas dissolved in solution) is constant with P . 
5 A shortcoming of this model is that it does not actually remove H20 from the solution. However, 
while open boiling causes large scale variations in many species the error introduced by H20 (i.e. its non-
removal) is small in comparison. 
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muscovite-K-feldspar boundary, pyrite stops precipitating and begins dissolving. In the 
calcite saturated case pH continues to evolve beyond 5.5 suffering only a change in slope 
which occurs at about step 9 ( -4.5 % boiling). This change in slope corresponds to the 
onset of K-feldspar precipitation, and also marks the change from calcite deposition to 
calcite dissolution. The change in calcite solubility corresponds to the decreasing effect of 
C02 loss upon pH once the silicate buffer is encountered. The relevant reactions are: 
and (3) 
K-feldspar precipitation, which is enhanced by calcite dissolution, has the effect of 
reducing potassium activity causing a shift of the (ms-kspar) reaction to higher pH 
values. In the unsaturated case less feldspar is deposited and hence the buffer reaction 
maintains a more constant pH. In both runs K-feldspar saturation is responsible for a 
reversal in pyrite solubility such _that pyrite dissolves once K-feldspar saturates 
(dissolution is due to continued H1S loss while pH is constrained by the buffer 
assemblage), whereas carbonate saturation has the effect of reducing both the amount of 
pyrite deposited as well as the amount of pyrite dissolved. 
While the above example shows the effect of pH buffering upon pyrite solubility, the lack 
at Porgera, of any significant quantities of adularia suggests that the muscovite-K-
feldspar buffer was not responsible for sulphide dissolution at Porgera. However, the 
widespread stability of sericite coupled with the surrounding argillic sediments suggests 
that the boiling fluid was in constant contact with sericitic rocks and was never far from 
the clay bearing sediments6. To simulate these conditions the model was changed to 
include the addition of a fixed amount of kaolinite (i.e. 5x10-5 and lxl0-4 moles) to the 
fluid during each step (or boiling increment) as shown in Figure EP-7. The results of this 
model are shown in Figure EP-8a which plots both pH and total pyrite deposited against 
boiling increments of 112 % (the output for this run is included in Appendix 5). Note the 
nature of the pH reversals which are dependent upon the amount of kaolinite added per 
step. Once pH begins to decrease the fluid dissolves even more pyrite than it did in the 
muscovite-K-feldspar buffered case. 
The initial fluid in kaolinite equilibrated run (Figure EP-8) was saturated with gold so that 
the relative change in its solubility could be monitored (gold solubility is from Bastrakov, 
6It could be argued that a hydrothermal system undergoing throttling will not approach equilibrium. 
While this is true of the overlying vapour rich column of throttling fluid, the base of the throttle will be 
liquid rich and likely to achieve some degree of reaction (in the direction of equilibrium) with the host 
rocks. 
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Figure EP-7. a.) Sketch showing basic elements of boiling system. 
System is replenished from large over-pressured reservoir of rock 
buffered stage I fluid. b.) Sketch showing nature of boiling calc-
ulation. Logf02 is fixed at 10-35 and saturation with pyrite is main-
tained during all runs (so that H2Si is - 0.001). Fluid composition 
is calculated for 1 kg of initial fluid at 112 % increments assuming 
Rayleigh distillation according to CL= C0 e-8 Y (model does not 
calculate effect of influxing fluid but simply follows the evolution 
of 1 kg of fluid undergoing simultaneous Rayleigh distillation and 
clay equilibration. 
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1998). Figure EP-8b shows that gold also undergoes a reversal in solubility and starts to 
dissolve once pH reverses. The increased gold solubility is related to an increase in H1S 
due to sulphide dissolution (even though H1S is constantly being removed by the model) 
through reactions such as: 
ZnS + 2H+ = Zn2+ + H1S (5) 
and (6) 
The change in H2S concentration is shown in Figure EP-8c. While the amounts of gold 
dissolved are small (on the order of 2 mg Au/tonne of H10) the result is significant as it 
indicates a process capable of simultaneously dissolving both sulphide and gold. In 
Figure EP-8b, where gold saturation was maintained throughout the run, up to 34 % of 
the gold that was initially deposited can be redissolved. This model also shows that 
under conditions of pyrite saturation gold solubility increases with decreasing pH (due to 
increasing H2S concentration) which is not obvious from P02 verses pH diagrams 
(because they are drawn for constant L,S). 
Calcite precipitation is expected during periods of pH increase but is not expected from a 
solution undergoing pH decrease. At Porgera carbonate shows evidence of both 
deposition and dissolution, which is not surprising given its dependence of pH, PC02 
and temperature. Carbonate saturation will to some degree slow down the pH shift in 
any system but it will not necessarily stop it. The presence of carbonate intimately 
intergrown with quartz and sulphide could be explained by a fluid which is in general 
undergoing pH decrease (caused by rock buffering) but punctuated by short periods of 
pH increase (leading to carbonate deposition). Such a scenario is not unexpected from a 
natural system which be will be undergoing small scale fluctuations superimposed on the 
larger scale trends (ie pH decrease through rock buffering) - it may also explain the erratic 
stability of carbonate. 
Figure EP-9a shows gold solubility on an logP02 versus pH diagram. This diagram 
(constructed using the program SYSTEM which is part of the CSIRO-SGTE 
THERMO DAT A package - gold solubility data are from Bastrakov, 1998) shows the 
hypothetical evolution of a boiling fluid during stage I-stage II transition. The first 5 - 10 
% of boiling causes sulphide and gold deposition during stage I as the fluid increases pH. 
However, once large scale decompression occurs and the fluid boils past 10 % the pH 
starts to decrease again as a result of continued wall rock buffering (and the decreasing 
effect of C02). The H1S concentration of 0.001 is appropriate to the initial conditions of 
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pyrite saturation in the above boiling models (gold solubility is a function of the square of 
H2S concentration). As shown in Figure EP-9a the added constraint of H1 loss during 
boiling will act to further enhance gold solubility (this was not considered in the above 
modelling which considered only pH effect) with the result that even more dissolution is 
possible than was predicted above. Thus the general path of fluid evolution shown in 
Figure EP-9a from point one to point two is consistent with pH-f02 paths of Drummond 
(1981, Figure 4.13) with the additional constraint of pH buffering as modelled above. 
During stage I the system undergoes 5 to 10 % boiling but then rapidly decompresses to 
well over 10 % boiling during stage II. 
In other runs (not shown here) H1S was present in excess of that contributed by pyrite 
dissolution (ie 1 x 10-2 moles in the initial 1 kg of H10). In these runs gold was 
observed to dissolve immediately and was eventually followed by pyrite dissolution after 
about 10 % equivalent boiling (at 280°C). Nevertheless, the combination of 
simultaneous sulphide and gold dissolution (as in the case without excess H2S) is 
considered a more effective way of achieving maximum gold concentration in the fluid. 
6. 5 Stage 11-A/B Decompressive 
6.5.1 The Barren Quartz and Carbonate Stage of A/B Veins 
The initiation of stage II decompression was triggered by rupture and dilation along the 
Roamane Fault and related D vein structures. This process was irreversible and at no 
time did the system revert back to stage I conditions. Figure EP-10 shows sketches of 
the Porgera hydrothermal system immediately before and after Roamane Fault rupture. It 
is suggested that prior to rupture, the stage I hydrothermal system was undergoing small 
amounts of boiling under lithostatic (to super-lithostatic) pressures. 
During stage II early A and B vein sulphides were rebrecciated and replaced by quartz 
and carbonate. This period of decompression is characterized by large degrees of rock 
buffered boiling and associated sulphide and gold dissolution as has been modelled above 
in Figures EP-8a and b. 
Consider the evolution of one small package of stage I fluid which exists at the outer 
reaches of the stage I vein system. The stage I fluid was itself slowly boiling and may 
have reached 5-10 % boiling before rupture of the Roamane Fault. After rupture of the 
Roamane Fault the package of fluid starts decompress and move towards the low 
pressure area of the stage II fault/vein network. In the beginning the fluid boils 
isothermally as it exchanges heat with the wallrocks and dissolves sulphide and gold 
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from refractured AJB veins along which the fluid is flowing. As the stage II D vein 
system is approached pressure drops dramatically leading eventually to a large adiabatic 
temperature drop of 100 to 150 C degrees (this is considered more fully in chapter 7). 
This large temperature drop also accounts for the general lack of carbonate (due to 
retrograde solubility of carbonates) in most D veins. Note that in such a dynamic system 
the cooling of the host rocks will slowly proceed from the core of the system and out (i.e. 
cooling first where fluid focussing and decompression is greatest). In general 
decompression was irreversible and the systein will eventually reach a sort of dynamic 
steady state which is achieved by having an excess of heat from the rocks (at least in the 
beginning) and a steady supply of rock buffered high P fluid into the system. The 
process of cooling will be cyclic and isotherms will pulsate several times during the life 
of the decompressing system. 
Gold concentrations of 10 to 20 ppm in A vein sulphide coupled with strong paragenetic 
evidence for large scale sulphide dissolution argues for remobilization of a significant 
quantity of gold from previously deposited AIB vein sulphide. Thus decompression 
during stage II accounts for the dissolution of sulphide, the precipitation of quartz and 
carbonate, as well as the remobilization of gold that was originally deposited with stage I 
sulphide. Figure EP-9a shows the evolution of this fluid on an logP02-pH diagram. 
The main characteristics of the stage II fluid are summarized in Table EP-3. 
Table EP-3 Stage 11-A/B Decompressive Ore Fluid 
Characteristics 
Temperature -Th ranges from 100 to 400°C with most occurring between 150 and 
350°C (Richards and Kerrich, 1993, and this study) 
- actual temperature during decompression probably ranged from 280 
to 150°C 
Salinity -ranges from 4 to 10 wt% NaCl equiv. (Richards and Kerrich and 
this study) 
C02 -starts with - 2 molal (- 4 mol %, - 9 wt%) and drops to 
essentially zero after decompression 
loga02 -reducing - probably undergoes some oxidation during throttling 
but fluid remains in the sulphide field 
logaS2 -L,S is determined by the combination of pH and the constraint of 
pyrite saturation - H2S evolves through a minimum but recovers to 
1/2 or more of its initial value 
Pressure -initially lithostatic - 450 bars but decreases to very low values 
during throttling process 
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6.5.2 E veins 
As described in chapter 4, E type mineralization is the least common mineralization type 
at Porgera. It generally occurs within or close to the intrusive phases. It is characterized 
by the presence of Cu, Sb and Ag rich sulphosalts with minor chalcopyrite and galena, 
and is almost always associated with AIB veins. E type mineralization is paragenetically 
later than the AIB vein sulphide but appears to be in equilibrium with the quartz and 
carbonate which replaces the early sulphide. 
The local saturation of the fluid with sulphosalts may be explained by > 10 % boiling in 
the absence of pH buffering. This could account for the occurrence of E veins in the core 
of the system where the prospect of fluid equilibration with argillic sediments was 
limited. Why the sulphosalts became saturated while pyrite, arsenopyrite, sphalerite and 
galena continued to be dissolve (as was shown to be the case paragenetically) is an 
interesting question. It is suggested that the simultaneous deposition of Fe bearing 
carbonate would scavenge Fe from the fluid leaving elevated values for other base metals 
and silver which form the sulphosalts. 
6 . 6 Stage 11-D Fluid Mixing 
In the paragenesis chapter, D veins are described as consisting of one or more cycles of 
deposition alternating between barren quartz and the Au rich quartz roscoelite layers. The 
high grade quartz roscoelite layers also contain pyrite, marcasite, barite, minor 
tetrahedrite, sphalerite (Zn rich) and galena, rare hematite and locally minor telluride. The 
mineralogy combined with the observation that Au replaces pyrite suggests that the fluid 
is moving from the field of pyrite stability into the field of sulphate stability. 
During most of stage II, the scenario is one of decompression and sulphide and Au 
dissolution, as fluid flows from the old stage I hydrothermal system into zones of low 
pressure along the RFZ and eventually up and out through the top of the system (ie the 
breach in the overlying seal) . It is suggested that stage II also witnessed brief periods 
during which the RFZ was infiltrated by oxidized fluids. The source of this oxidized 
fluid may have been bursts of deep fresh S02 rich magmatic fluid derived from the large 
parental magma chamber postulated at depth. Mixing of the oxidized S02 rich fluid with 
the reduced pregnant, stage II-A ore bearing fluid, at the intersection of stage I (A/B vein) 
and stage II structures (D veins etc.) would result in oxidation of the ore fluid and 
precipitation of the Au rich quartz roscoelite layers of Zone VII. Fluid mixing with this 
deep sourced oxidant would also account for the shift to more negative ()34S values in 
stage II pyrite (see chapter 8). This process may occur in up to four cycles and accounts 
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for the cyclic banding which is characteristic of stage II-D veins. 
The presence of an oxidized fluid is also indicated by the occurrence of roscoelite 
(KV 2A1Si30 10(0H)2) in all auriferous D veins. In fact the amount of roscoelite in a 
given vein is a reliable indicator of gold grade. As shown in Figure V-4 (chapter 9) 
vanadium has a very low solubility in the decompressing stage II fluid. Thus the 
presence of a distinct oxidized fluid helps to explain vanadium transport and roscoelite 
precipitation through mixing with the pregnant reduced fluid. 
Mixing of the reduced ore fluid with the S02 rich oxidant is shown schematically in 
Figure EP-9b (stage II-D fluid mixing). As mixing progresses the ore fluid is titrated into 
the sulphate field leaving the field of pyrite stability precipitating essentially all of its gold. 
This reaction path explains the precipitation of gold rich pyrite and the subsequent 
replacement of gold by pyrite. The association of high grade gold along the intersection 
of A and D veins is thus explained as mixing zones where reduced fluid from A veins 
encounters oxidized fluid coming up the RFZ/D vein structures. In some cases this 
phenomenon is actually recorded in the paragenesis. Note the lenses and plumes of 
visible gold that were observed in A-D intersections shown in Figure P-19. 
At depth, within Zone VII (ie the underground) and immediately after fault rupture, fluid 
mixing was very focussed. However, as these fluids mixed and ascended along the 
Roamane Fault and related hanging wall splays, the zone of mixing and fluid focussing 
became broader and more diffuse. These differences resulted in the volumetrically larger 
but lower grade crackle breccia ore body. As in Zone VII, the best gold grades are 
developed where the stage II veins and breccias crosscut earlier stage I base metal veins. 
6. 7 Discussion 
The above model suggests that a significant quantity of the Au in Zone VII (and in the 
surface mine) may actually be remobilized from earlier stage I mineralization (both vein · 
and disseminated). This infers that Zone VII was the result of two temporally distinct 
enrichment events. The first enrichment lead to a wide zone of low grade mineralization 
as AIB veins and disseminations (up to 20 grams per tonne Au in A vein sulphides). The 
second enrichment re-dissolved much of this material and deposited it in D veins where 
the grades are 10' s to 1000' s of grams per tonne. It is not certain that all of the Zone VII 
gold was sourced in this way, but given the potential efficiency of the mechanism it quite 
possibly accounts for much of the Au in Zone VII. 
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The potential for remobilization of early Au at Porgera has been recognized by Fleming et 
al (1986), Handley and Bradshaw (1986), Handley and Henry (1990) and Richards and 
Kerrich (1993). However, the present study emphasizes the widespread nature of this 
phenomenon as well as its key role in formation of the Porgera Au deposit. 
The high fluid pressures during stage I probably contributed to fault rupture. As 
suggested above the overlying limestone-shale contact constituted a regionally extensive 
pressure seal and was responsible for the lithostatic pressures during stage I. Rupture of 
the Roamane Fault breached the pressure seal and initiated the stage II decompression. 
Figure EP-11 shows a likely pressure versus depth scenario just before rupture (Cox et. 
al., 1987; Hobbs and Ord, 1991). Under conditions of lithostatic pressure, fluid flow, 
or simply local communication of fluid pressure, will lead to the superposition of locally 
hydrostatic gradients upon the lithostatic pressure versus depth curve. This situation 
leads to superlithostatic pressures immediately below the pressure seal which results in 
extensional fracturing before rupture (stage I AIB veins) and contributes to subsequent 
fault rupture as the far field stress continues to build. 
An important feature of this model is the divergent evolution of two chemically distinct 
fluid reservoirs. The oxidized fluid that appears during stage II is not really new but is 
equivalent to some of the very early fluids that were responsible for forming altered 
sediment. During stage I these fluids became rock buffered and reduced during ascent 
eventually becoming the rock buffered stage I fluid. Rupture of the Roamane Fault 
essentially short circuited the system and allowed short bursts of this fresh oxidized fluid 
to quickly ascend along deep structures without becoming rock buffered or reduced. 
Thus the mixing of fluid from these two contrasting reservoirs is a unique event linked to 
the large scale decompression of the hydrothermal system. The cyclic nature of the 
mineralization reflects the cyclic nature of seismicity and its control upon fluid flow. 
Another point which has been emphasized by the modelling is that in systems undergoing 
small amounts of boiling, chemistry is driven dominantly by gas loss; whereas in 
systems which have undergone large amounts of boiling, gas loss is no longer that 
important and other factors such as host rock interaction become more important. 
It could be argued that the Au was carried by the oxidized fluid and was deposited during 
mixing with the reduced fluid, however, several lines of evidence discount this 
possibility. These include the spatial relationship of gold in D veins to A-D intersections, 
the observation that gold replaces auriferous D vein pyrite, and the occurrence of barite 
and hematite in the gold bearing quartz roscoelite assemblage (it is difficult to imagine a 
process which reduces gold out of solution and at the same time precipitates barite and 
hematite (and as will be seen in chapter 8, causes an increase in the ()34S of pyrite). 
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Figure EP-11. Pressure versus 
depth curves for lithostatic and 
hydrostatic gradients (after Cox 
et al, 1987, and Hobbs and Ord, 1997) 
Figure EP-10. Reconstruction of the Porgera hydrothermal system immediately before and 
after Roamane Fault rupture. Zone VII forms at depth, due to repeated cycles of efficient fluid 
mixing. Lower grade crackle breccia style mineralization forms above the fault but beneath the 
seal where the zone of decompression and mixing is more diffuse (much of this mineralization 
has been eroded). Geology is simplified but is broadly contrained by PJV mapping. The 
original position and elevation of limestone-shale contact is poorly contrained, however, the 
occurrence of slivers of Oligocene limestone in the hanging wall of the surface mine (Mumoe, 
1996), suggest that it is not far. 
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7 Fluid Inclusions and Discussion of Throttling Process 
7. 1 Review of Previous Study by Richards and Kerrich (1993) 
Fluid inclusions at Porgera are hosted in a variety of minerals including quartz, carbonate 
and sphalerite. Previous work by Richards and Kerrich (1993) has delineated four 
different fluid types, representing a range of salinities and trapping temperatures (Figure 
Fl-1). The main features of each fluid type as defined by Richards and Kerrich are 
summarized in Table FI-1, and described briefly below. 
Richards and Kerrich describe primary and pseudosecondary L+ V fluid inclusions in 
apatite and calcite associated with propylitic alteration of the intrusive rocks. The calcite 
generally occurs in vesicles and miarolitic cavities while apatite forms primary phenocryst 
(inclusions in apatite appear to have formed by hydrothermal recrystallization). Measured 
salinities range from 4.5 to 16.8 wt % NaCl equiv and homogenization temperatures 
range from 105 to 450°C. Near critical homogenization to both liquid and vapour was 
observed in the high temperature inclusions and led the authors to estimate temperature 
and pressure at 460°C and 450 bars respectively (based on the critical curve for H20-
NaCl). The lower temperature inclusions are considered to have been trapped during 
progressive cooling of the same fluid. 
Type 1 halite saturated L+ V fluid inclusfons are described from rare quartz eyes 
associated with phyllic alteration and disseminated gold mineralization along stage I 
sulphide veins (see footnote Table FI-1). Salinities range from 30.5 to 62 wt% NaCl 
equiv, with TmNaCI ranging from 170 to 518°C. Liquid and vapour homogenize at lower 
temperatures averaging 192°C (+/-40°). 
Type 2 primary and pseudosecondary L+ V fluid inclusions occur in quartz and sphalerite 
hosted in base metal sulphide veins (A veins). Salinities vary from 7 to 12 wt% NaCl 
equiv and ThL-V ranges from 200 to 360°C (Figure Fl-1). The presence of clathrate was 
observed in some inclusions but the lack of liquid C02 precluded the use of T mclath to 
estimate salinity. Richards (1992) also noted the rare occurrence of liquid C02 at room 
temperature. The slightly higher homogenization temperatures of type 2 inclusions in 
quartz as compared to those in sphalerite was tentatively linked by Richards and Kerrich 
(1993) to the "marginally earlier" paragenetic position of quartz relative to sphalerite (a 
point that is disputed by the current study). 
Type 3 vapour rich inclusions were described in secondary trails in sphalerite and as 
secondary and pseudosecondary inclusions in A vein quartz. Freezing measurements 
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Figure FI-1 Salinity and homogenization temperature data for type 2 and type 4 inclusions (after Richards and Kerrich, 1993). 
Table FI-1 
Propylitic 
Stage I 
Type 1 
Type2 
Type3 
Stage II 
Type4 
Fluid Types (Richard and Kerrich, 1993) 
-primary and pseudosecondary L-V inclusions in calcite 
and apatite 
-4.5 - 16.8 wt% NaCl equiv, Th -105-450°C 
-T trapping estimated at 450°C and 450 bars 
-NaCl saturated L+V inclusions found in rare quartz eyes 
hosted in phy Ilic aleration 1 
-30.5 - 62 wt % NaCl equiv 
-ThL-V < TmNaCI =Th= 170-518°C, ThL-Vave - 192° (+/- 40°) 
-primary and pseudosecondary L-V rich inclusions in 
sphalerite and quartz 
-7 - 12 wt% NaCl equiv, clathrates identified (C02) 
Th = 200 - 360°C, Thave -299°C (+/-33°) 
-rare V rich inclusions as secondaries and pseudosecondaries 
in quartz and sphalerite 
-melting at C02 triple point (-56.6°C) 
-primary and pseudosecondary inclusions in quartz 
-bimodal salinity distribution @ 4.3 and 7.8 wt% NaCl equiv 
-Th -100-180°C 
-bulk gas chromatograph indicates up to 1.5 mole % C02 
1The author does not necessarilly agree with the observation that the saline type 1 inclusions 
occur only in the altered phyllic selvedges as similar inclusions have been observed in quartz 
filled vesicals in fresh dirorite (these will be described later) . 
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identified melting at the C02 triple point at -56.6°C. 
Type 4 fluid inclusions occur as primary and secondary L+ V rich inclusions hosted in 
quartz from both stage II-D (quartz roscoelite) veins and in late A (base metal sulphide) 
veins. Freezing measurements indicated apparent salinities ranging from 3 to 10 wt % 
NaCl equiv with a bimodal distribution centered on 4.3 and 7.8 wt % NaCl equiv. 
Liquid-vapour homogenization temperatures varied from 100 to 180°C. 
Recent bulk leach (quartz) gas chromatographic work by Richards et al. (1997) document 
C02 contents of 0.05 to 3.09 mol% for stage I, and 0.51 to 1.47 mol% for stage II 
mineralization. Methane was also found at concentrations ranging from 0.024 to 0.229 
mol%. The highest gas concentrations are found in stage I samples whereas stage II 
mineralization tends towards lower values. 
7. 2 The Current Study 
Given the comprehensive nature of the study by Richards and Kerrich (1993) a further 
systematic collection of fluid inclusion data was considered unnecessary. Instead this 
study has focussed on specific areas of interest. Additionally, in light of the paragenetic 
data presented in chapter 4 concerning the late paragenetic position of all A vein quartz 
relative to A vein sulphide, a re-interpretation of the fluid inclusion data (ie quartz-hosted 
type 2 inclusions) for this part of the paragenesis is warranted. 
Microthermometric data were obtained using a Fluid-Inc gas flow heating freezing stage 
with a Nikon EL WD 40x objective. For high resolution work a Linkam Stage was 
combined with an Olympus 80x objective. A complete list of all inclusion measurements 
made in this study are tabulated in Appendix 2. Richards and Kerrich (1993) were able to 
work with the Fe-rich (opaque) A vein sphalerite using an infrared microscope and video 
setup. The current study was limited to phases which are transparent or translucent in 
transmitted light, namely quartz and yellow, Zn-rich, sphalerite. 
During the course of the fluid inclusion work the author has noted a general scarcity of 
workable primary inclusions. These do exist (and have been used where possible), but 
are fewer in number than either pseudosecondary or secondary inclusions. Thus many of 
the measurements in this study were made on pseudosecondary and secondary 
inclusions. The decision between pseudosecondary and secondary origin may be difficult 
to make with many inclusions falling in a grey area 1. Where there was any uncertainty in 
1 The reason for this difficulty in differentiating between secondary and pseudosecondary inclusions is due 
to the considerable amount of recrystallization which characterizes much of the quartz in both A and D 
veins at Porgera. Thus relationships of small subdomains of inclusion populations to the larger picture 
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this question, the inclusion was classified as secondary. A result of this, is that some of 
the so called secondary inclusions may be more closely related to their host quartz than 
their secondary classification suggests. This is especially true of some of the three-phase 
C02 rich inclusions (see Appendix 2). 
Textural evidence (chapter 4) indicates that recrystallization has locally and 
heterogenously affected much of the vein quartz and has resulted in the necking down of 
fluid inclusions. An interesting example of this phenomenon is the necking down of 
elongate needle like inclusions (which form perpendicular to the growth bands) to form 
linear trails of smaller inclusions, which could be mistaken for a pseudosecondary origin 
(see Figure FI-2g and h). 
The current investigation represents fluid inclusion data collected from 14 different 
samples. The D vein samples are from various levels in the underground, whereas the A 
vein samples are from the open pit. Several additional samples were examined for 
textural relationships but were not selected for rnicrothermometry owing to a low number 
of suitable inclusions. Most inclusions used for microthermometry were in the 5 to 15 
µm size range. 
7 .2 .1 Early Saline Fluids 
Rare early NaCl rich brine inclusions have been found in quartz hosted in miarolitic 
cavities which appear to be part of the late magmatic to hydrothermal transition. Such 
quartz is rare and has been identified only in two samples representing the most felsic (ie 
dioritic) phases of the intrusive complex (most intrusions contain no modal nor normative 
quartz). One sample actually occurred in an altered diorite between two D veins (no sign 
of any A vein material) but the other was in relatively fresh diorite not associated with 
veining. Figure FI-2a shows one of these late miarolitic cavities which contain quartz, 
carbonate, epidote, hematite, magnetite and rare adularia and Figure FI-2b shows a 
typical brine inclusion hosted in quartz from the same rniarolitic cavity. Halite is the main 
daughter phase, however, some inclusions contain up to 3 daughter salts (NaCl, KCl and 
a third unidentified phase possibly CaCli) as well as a small bleb of an opaque phase 
(sulphide?). A noticeable characteristic of these inclusions (which was also pointed out 
by Richard and Kerrich) is the variable size of the daughter salts. In some cases one or 
several daughter crystals may fill up to 70 % or more of the inclusion volume. In rare 
cases, an orange hexagonal daughter crystal was observed (which is probably hematite). 
In the few measurements that were made on this inclusion type, T mNaCI ranged from 395 
of crystal growth are often obscured. 
Figure FI-2a. Miarolitic cavity in diorite, consisting of quartz, carbonate, epidote, 
hematite, magnetite and minor adularia (PGC133 - 50x - long axis of photo 
is 2.4 mm). 
Figure FI-2b. Typical brine inclusion, showing more than one daughter, hosted in quartz 
from same miarolitic cavity shown above (PGC133 - lOOOx - long axis of 
photo is 120 µm) . 
.. 
• 
•• i. . • , ... 
• • 
Figure FI-2c. Brine rich and vapour rich inclusions in quartz from quartz-chalcopyrite 
veinlet (PGC148b - 400x - long axis of photo is 300 µm). Brine 
inclusions may contain up to 3 daughter salts +/- an opaque phase. 
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Figure FI-2d. Both liquid rich and vapour rich inclusions (A vein) may occur along the 
same pseudosecondary fracture (PGC226 - 400x - long axis of photo is 
300µm) . 
a.. b. 
c.. , 
• 
Figure FI-2e. Three phase C02L +C02v+H20L inclusions along fracture in A vein quartz 
at Wangima (PGC351 - 400x - long axis of photo is 300 µm). 
Figure FI-2f. Secondary three phase C02L +C02y+H20L inclusion along fracture in A 
vein quartz from Wangima (PGC35 l - 400x - long axis of photo is 300 
µm) . 
Figure FI-2g. Elongate needle shaped inclusions (D vein), which form perpendicular to 
growth banding and are in the process of necking down (PGC 126 - 400x -
long axis of photo is 300 µm) - necked inclusions are up to 10 µm. 
Figure FI-2h. Same situation as in Figure FI-2g but necking has progressed further 
(PGC 126 - 400x - long axis of photo is 300 µm) - necked inclusions range 
from 2 - 5 µm. 
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to 475°C and ThL-V ranged from 188 to 271°C. The characteristics of these inclusions are 
similar to the type 1 inclusions described by Richards and Kerri ch (1993) and are 
considered the same. 
Unlike Richards and Kerrich (1993) this study did not find any relationship between type 
1 inclusions and the phyllic altered selvedges of A veins. Several selvedges were 
examined but no brine inclusions were identified. However, secondary clots of quartz 
(associated with minor sphalerite) were identified, and these contained only L+V H20 
rich inclusions. The author does not doubt that Richards and Kerrich (1993) did find 
brine inclusions in altered selvedges, however, it is suggested that they might have found 
similar inclusions in nearby less altered intrusive. 
In another association, primary and pseudosecondary brine rich and vapour rich 
inclusions occur together in thin quartz-chalcopyrite veinlets (Figure FI-2c). The veinlets 
are hosted in black hornfels which run along the margin of a felspar porphyry dyke 
(located on 2400 level 33x/c) and consist of quartz, carbonate, magnetite, hematite and 
minor pyrite, carbonate and chlorite. Brine inclusions generally contain two to three 
daughter salts. At least 4 and possibly 6 daughter phases were identified in PGC148-2a. 
Vapour rich inclusions contain no daughter phases. Chalcopyrite occurs as small blebs 
and may be triangular in outline (confirmed by RAMAN spectroscopy). Only one 
occurrence of this association has been identified to date (see section 3.2.4). Heating 
measurements performed on these brine inclusions indicate T mNaCI ranging from 230 to 
over 500°C and ThL-V ranges from 144 to 410°C. No measurements were conducted on 
the vapour rich inclusions. Also found in the same quartz-chalcopyrite veinlets are rare 
three-phase inclusions containing H10L +C02L( confirmed by Raman)+ V - these are 
probably secondary in origin. 
The quartz-chalcopyrite vein hosted brine inclusions appear to be another variant on the 
type 1 fluid. Although vapour rich inclusions have not been previously identified with 
type 1 inclusions, there seem to be no noticeable differences with respect to the brine 
inclusions. Thus rather than adopt an additional inclusion type into the Richards and 
Kerrich (1993) scheme, they are classified as a subgroup of type 1. 
7 .2.2 Inclusions in A and D Vein Quartz 
Before describing fluid inclusions in A vein quartz a few words on the paragenesis are 
required. Richards and Kerrich (1993) describe both type 2 and type 4 inclusions from A 
vein quartz. They describe type 4 (low Th) inclusions as occurring in late vug-filling 
quartz, whereas type 2 (high Th) inclusions are hosted in an earlier generation of quartz, 
Fluid Inclusion Data and Boiling Processes Page 74 
which they suggest may be earlier than the A vein sphalerite (an observation which, they 
point out, is compatible with the slightly higher homogenization temperature of inclusions 
in type 2 quartz). However, in chapter 4, it was shown conclusively that all A vein 
quartz occurs after, and in fact replaces, all A vein sulphide, including sphalerite. This 
observation has a bearing on the interpretation of the quartz hosted "type 2" inclusions, 
since, if the quartz in which they occur is paragenetically later than and actually replaces 
the sphalerite, then it is probably incorrect to consider them representative of the same 
fluid, or fluid conditions, that precipitated the sphalerite. In view of these relationships, 
and notwithstanding the relative difference in homogenization temperatures of the two 
groups, it may be that quartz hosted "type 2" inclusions are more closely related to type 4 
inclusions, as is the case paragenetically. Thus in the following presentation of data, 
inclusion data from both Richards and Kerrich's (1993) early "type2" and late type 4 A 
vein quartz, along with all data for D vein quartz, are plotted together. 
The earliest A vein quartz (post sulphide) is intimately intergrown with A vein sulphide 
and hosts primary, pseudosecondary and secondary L+V H10 rich inclusions. 
However, rare occurrences of both three-phase H10L +C02L +C02v inclusions, and 
vapour rich inclusions, are observed locally where they appear to be coeval with the more 
common liquid rich inclusions. There is a general tendency for both the vapour rich and 
the three-phase C02 rich inclusions to occur as secondaries and pseudosecondaries rather 
than primary inclusions. Richards and Kerrich (1993) make the same observation with 
respect to C02 rich vapour inclusions which they describe as occurring along secondary 
trails or as pseudosecondary inclusions. 
In the small number of three-phase inclusions that were examined (three-phase inclusions 
were identified in 7 of the 14 samples that were selected for microthermometry), C02 
liquid and vapour homogenize at temperatures above 25°C to both the liquid phase and 
the vapour phase. Clathration was observed in many of the three-phase C02 rich 
inclusions and in a small number of the vapour rich two-phase inclusions. In the 
presence of C02L (and in the absence of any significant amounts of other dissolved 
gases) the melting point of clathrate can be used to determine the total fluid salinity 
(Collins, 1979). On the basis of 7 measurements (all from one sample), the range in 
T mclath was 8.4 to 9.8°C with an average at 9.0°C which corresponds to a salinity of 
about 1.7 wt% NaCl equiv. 
Early A vein quartz (ie post sulphide) gradually gives way to a later, typically vuggy 
quartz, that infills the vein and is host to L+ V H10 rich type 4 inclusions of Richards and 
Kerrich (1993). This late quartz is texturally identical, and paragenetically equivalent to, 
D veins quartz which is also host to dominantly type 4 inclusions (a point also made by 
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Richards and Kerrich, 1993). 
In two samples (PGC335 and PGC338) halite bearing brine inclusions were found to 
coexist with vapour rich inclusions in A vein quartz hosted in gabbro. These brine 
inclusions homogenize to liquid at between 112 to 239°C but decrepitate around 300 to 
350°C before halite dissolution. The origin of these brines is thought to be a result of the 
boiling process rather than indicating a high salinity fluid source at this stage (and will be 
discussed in the section on boiling processes). 
Salinity determinations based on the melting point of ice in two-phase L+ V H20 rich 
inclusions from both A and D vein quartz are presented in Figure FI-3c. The range in 
salinities from A and D vein inclusions is similar but A vein inclusions show a slightly 
greater range of 3 to 10.5 wt% NaCl equiv as compared 4 to 10 wt% NaCl equiv for D 
vein inclusions. Note that these data are comparable to the data of Richards and Kerrich 
(1993) where they describe a bimodal salinity distribution at 4.3 and 7 .8 wt % NaCl 
equiv for type 4 inclusions. In Figure FI-3c, the data for D vein quartz defines a similar 
bimodal distribution; data for A vein quartz, while sparse, are not incompatible with a 
bimodality. 
Figure FI-3b shows homogenization temperature for inclusions from both vein types. 
Most D vein inclusions fall between 100 and 220°C while A vein inclusions range from 
100 to 400°C. Once again there is considerable overlap between the two vein types but A 
vein inclusions dominate at higher temperatures (above 250°C). Most inclusions 
homogenized to the to the liquid phase, however three-phase C02 rich inclusions undergo 
homogenization to both liquid and vapour phases generally at temperatures above 200°C. 
Decrepitation sometimes occurs before homogenization particularly in the three-phase 
inclusions. Most C02 rich three-phase and vapour rich inclusions are hosted in the early 
A vein quartz, however, three-phase inclusions have, in rare cases, been identified in D 
vein quartz. Figure FI-3a plots homogenization temperature against bulk salinity for 
inclusions from both quartz types, and again emphasizes the amount of overlap between 
the two populations. 
At the Wangima prospect (see section 3.11) yellow sphalerite from a quartz sulphide (A) 
vein, contained large H20 rich L+ V inclusions of secondary origi . The melting point of 
ice could not be used for salinity estimates due to the failure of a vapour bubble to 
renucleate on heating. Homogenization temperatures (to L) varied from 116 to 173 °C. 
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Figure FI-3 Microthermometric data for inclusions in both A and B 
vein quartz a.) Salinity versus homogenization temperature. 
b.) Homogenization temperatures. c.) Salinity. 
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7 .2.3 Raman Microprobe 
Raman spectra were collected using · a Dilor Microdril 28. Major C02 peaks were 
obtained for all three-phase inclusions, for some of the vapour rich inclusions', and a 
small number of the L+ V H20 rich inclusions. Methane however was detected in only 
one sample where it was associated with large (20 to 75 µm) irregular secondary 
inclusions. No H1S, S04-2, or N1 were detected in any of the samples analysed (a total 
of 7 samples were analysed by RAMAN). In most cases C02 was detected only in those 
inclusions which contained C02L, were vapour rich, or formed clathrate on cooling (the 
formation of clathrate indicates a minimum C02 content of 0.85 molal - Hedenquist and 
Henley, 1985). 
7. 3 Discussion of Fluid Inclusion Data 
7. 3 .1 Early Fluids 
As indicated by Richards and Kerri ch ( 1993 ), the characteristics of type 1 inclusions can 
be explained by heterogenous trapping of an NaCl saturated fluid2. It might be expected 
that such conditions would lead to the trapping of solid inclusions of, or casts after, 
·NaCl. Solid inclusions of NaCl (or casts) were not observed, however, the occurrence 
of brine inclusions where the daughter crystal accounts for 80 % or more of the inclusion 
volume may indicate trapping of a halite crystal with relatively little liquid. It is suggested 
that trapping of pure NaCl, without even a small amount of liquid, is a relatively unlikely 
phenomenon. Thus, the brine inclusions with the large NaCl daughter crystals, may 
represent a close approach to the trapping of solid NaCl inclusions. 
The propylitic fluid type described by Richards and Kerrich (1993) from inclusions 
hosted in apatite and calcite were not investigated in this study. However, the occurrence 
of these inclusions in miarolitic cavities is similar to the occurrence of rare brine 
inclusions described in the current study. It is suggested that the propylitic fluid type may 
be a lower temperature equivalent of an earlier type 1 fluid which has undergone 
significant dilution and cooling in a dominantly deuteric hydrothermal system. 
2The alternative explanation, that the brine inclusions resulted from trapping of an homogenous fluid, 
was considered unlikely by Richards and Kerrich (1993) who showed that such conditions would require 
high pressures of several kilobars; these conditions are incompatible with other lines of evidence for the 
depth of formation at Porgera (geologic and stratigraphic constraints). For example a brine inclusion that 
homogenized by halite dissolution at 400°C (assuming L-V homogenization at 192°C) would require 
pressures of close to 4 kb (-16 km depth assuming lithostatic pressures) under conditions of 
homogeneous trapping. This extrapolation is based on the data of Bodnar (1994) to generate the 
appropriate isochor in P-T space. 
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7. 3. 2 Stage I and II Fluids 
Data for Stage I fluids were not investigated by this study (due to the opaque nature of the 
ore minerals), but were studied by Richards and Kerrich (1993) who used type 2 
inclusions hosted in A vein sphalerite to characterize the mineralizing stage I fluid. The 
main characteristics of this fluid are summarized in Table FI-1 and Figure FI-1. As 
mentioned above the author does not agree with Richards and Kerrich's (1993) 
interpretation of "type 2" inclusions hosted in A vein quartz but instead considers these 
inclusions as indicative of conditions immediately after the stage I to stage II transition. 
The data range for both salinity and homogenization temperature observed in this study 
are not very different from the data of Richards and Kerrich (1993) when their "type 2" 
quartz and type 4 inclusions are plotted together. This has been done in Figure FI-4 
which shows a strong bimodal distribution of the Th data. A hint of this bimodality is 
also observed in Figure FI-3b. The Richards and Kerrich data show a large gap between 
180 and 260°C where no data fall; however, in the current study a small number of 
inclusions did homogenize (to liquid) in this range, suggesting a degree of continuity 
between the two populations. 
In chapter 6 it was suggested that many of the observed features could be explained by a 
model involving a decompression of the stage I hydrothermal system. The dynamic 
nature of such a system would suggest that there may be considerably more information 
to be gained from the actual range of inclusion data as opposed to the average values of 
Th and T mice for a particular population. It is against this background of a decompressing 
hydrothermal system that the fluid inclusion data are re-interpreted. That is, immediately 
after throttling of the stage I fluid, phase separation and heterogeneous trapping (ie 
trapping of even relatively small amounts of vapour) could easily account for the higher 
homogenization temperatures of fluid inclusions trapped in the early dominantly A vein 
quartz. However, after a short initial period of quartz growth, super-saturation with silica 
would result in precipitation of fine grained chalcedonic quartz for much of the 
decompressive phase. Very few fluid inclusions would be trapped by the rapidly 
precipitated chalcedonic quartz as it is a poor host. Only after most of the throttling and 
adiabatic decompression is completed would the fluid precipitate more drusy quartz and 
finally trap fluid inclusions at greatly reduced temperatures and only slightly reduced 
salinities (Figure FI-4). 
At Wairakei Hedenquist and Henley (1985) observed that calcite precipitated from a two-
phase discharge contained only liquid-rich fluid inclusions. They suggest that the lack of 
vapour rich inclusions may be related to the rapidly flowing nature of the discharge fluid 
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and warn that similar features might be expected in boiling hydrothermal systems where 
fluid flow is rapid (similar to the conditions during stage II at Porgera). While vapour 
bubbles very likely formed during stage II at Porgera, they may have had difficulty 
remaining fixed to a growth surface. However vapour bubble nucleation and growth may 
actually be favoured within the re-entrant angle presented by an almost formed fluid 
inclusion. Such a mechanism could explain the trapping of relatively small vapour 
bubbles in some inclusions, and thus account for inclusions which homogenized to the 
liquid phase at temperatures well above their trapping temperature. It is suggested that 
such a mechanism could explain why the "type 2" quartz hosted inclusion of Richards 
and Kerrich (1993) have higher homogenization temperatures that the stage I sphalerite, 
that had only just ceased to crystallize. 
First order evidence for phase separation at Porgera has not been immediately obvious, 
however, it is interesting to note that almost all the three-phase C02 rich and the vapour 
rich inclusions occur along fractures rather than as primary inclusions along growth 
bands. These vapour rich and three-phase C02 rich inclusions may well represent 
trapped vapour phase within a decompressing system; this could also explain their 
occurrence only along fractures where they were sheltered from the rapidly flowing fluid. 
The salinity estimate of 1.7 wt% NaCl equiv obtained from a group C02 rich three-phase 
inclusions is compatible with this interpretation (indicating inclusions which trapped 
mostly vapour). It is a possibility that the three phase inclusions may represent a vapour 
condensate rather than true trapped vapour, however, the local coexistence of both liquid 
rich and vapour rich two phase inclusions, as well as C02L bearing three phase 
inclusions, along the same pseudosecondary fractures suggests that true vapour was 
trapped in these instances. 
The bimodal salinity distribution noted for type 4 inclusions by Richards and Kerrich 
(1993) was also observed in the current study (compare Figures FI-1 with Figure FI-3c). 
It is worth noting that Richards and Kerrich's data for "type 2" quartz show a very similar 
distribution to the higher salinity population defined by type 4 inclusions (both 
populations fall between 6 and 12 wt % NaCl equiv). As suggested above for 
homogenization temperatures, it was considered more appropriate to plot the salinities of 
quartz hosted inclusions from both A and D veins on the same diagram, as has been done 
in Figure FI-3c. The two populations as defined by both studies are centered on about 
4.5 and 8 wt% NaCl equiv, representing a difference of - 3.5 wt% NaCl equiv. 
Hedenquist and Henley (1985) point out that, for a fluid inclusion with T mice = -5°C, 
dissolved C02 can contribute up to -1 .5°C to the total depression of ice before clathrate 
will form. However, as pointed out by Collins (1979) the formation of clathrate will 
\ 
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contribute to a further increase in the salinity of the residual solution due to the physical 
removal of H20 from the solution to form clathrate3. For example, the effect of 4 mol % 
C02 in a solution with an original salinity of 5 wt % NaCl would be to increase the 
salinity to approximately 7 wt % NaCl (Figure 5 Collins, 1979). In the presence of 
clathrate the solubility of C02 in water may reach a maximum of 1.71 molal, which alone 
would contribute approximately 3.1°C to the freezing point depression of ice and would 
increase the apparent salinity by up to 4 wt%; this is without even considering the effect 
of clathration, which will contribute further to the apparent salinity. The effect of these 
two contributions to the apparent salinity are additive and could result in a combined 
increase in apparent salinity of up to 6 wt % NaCl if a fluid originally saturated with C02 
were to lose most its C02 through during boiling. It is interesting to note that this is 
almost exactly the range in salinity shown in Figure FI-3a where salinity decreases from 9 
to less than 4 wt% NaCl equiv. 
In chapter 3 the stratigraphic cover was estimated at between 1400 and 2200 meters. 
Assuming approximately 1800 m of cover and a rock density of 2.65, yields a lithostatic 
pressure of 475 bars, which is actually very close to Richards and Kerrich's (1993) 
estimate of 450 bars which will be used here. Immediately before decompression, during 
the final phase of stage I, fluid temperatures would have been no less than 250°C 
(sphalerite data from Richards and Kerrich, 1993). Richards and Kerrich estimated 
salinity of the stage I fluid to be - 9.5 wt % NaCl equiv, however some of this will 
almost certainly be due to dissolved C02. An initial NaCl content of 1 molal seems 
reasonable, however, the validity of this assumption will be tested shortly. Under these 
conditions (P = 450 bars, T at least 250°C and 1 molal NaCl), the constraint of 
immiscibility stipulates a minimum C02 content of about 9 wt %, or 2.25 molal C02 
(using Figure 2 of Takenouchi and Kennedy, 1965). 
Conversely, given the above conditions, the solubility of C02 can be calculated from 
Henry's law coefficients. Using Drummond's equation 1.16: 
and the input pressure of 450 bars and temperature of 280°C, the Henry's law coefficient 
can be evaluated. The value of lnKtt 
0 
for a 1 molal NaCl solution is derived via 
Drummond's (1981) regression equation 1.17 (with the value of the B coefficient 
corrected from -9.016323 to -0.016323) which fits experimental measurements of C02 
3Note there are two different effects upon the apparent salinity of the inclusion fluid: 1.) the effect of 
dissoved C02 which contributes to the total dissolved solute and contributes to Tmice, and 2.) the effect 
clathration and the physical removal of H20 from residual inclusions solution thus increasing the 
concentration of NaCl. 
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solubility in water. This equation assumes that the molar volume of C02 in solution is 
constant with pressure (gases are not very compressible when dissolved in solution) and 
is given by: 
V gsoln = V gsoln (@25°C in pure water)+ solution density 
The partial molar volume of C02 in pure water at 25°C is 37.5 cc/mol (Malinin, 1974). 
Density and the vapour pressure of water in NaCl-H20 solutions are taken from Haas 
(1971); at 1 molal NaCl and 280°C the solution density is 0.806 glee and Pw is 62 bars. 
Since PT= Pg+ Pw (Pf= PLith) the partial pressure of C02 must be 388 bars. Thus 
V gsoln is 46.53 cc/mol and solving for lnKHP gives 5.109 and KttP = 165 bars/molal. 
Thus using: 
KHP=fco/m, 
and assuming that the fugacity coefficient of C02 is close to 1, gives 
m = Pco/KHP = 2.35 molal C02 
This is very close to the original estimate of 2.25 molal made from the experimental data 
of Takenouchi and Kennedy (1965). Thus, given an initial C02 content of 2.35 molal 
(9 .37 wt % ) it is possible to calculate the partial pressure of C02 in an inclusion that 
trapped pure liquid at P and T of interest. Combining expressions for the Ostwald 
coefficient and Henry's law expressions after the method of Hendenquist and Henley 
( 1985) yields: 
The Ostwald coefficient /... = gramsC02/ccL + gramsC02/ccy, and is essentially the ratio of 
absorbed gas to the volume of absorbing liquid (with both volumes at the same 
temperature). Ostwald coefficients at low temperatures can be derived from Bunsen 
coefficients (a) of Markham and Kobe (1941) and the relation 'A= a*T-:-273.15. Since 
the freezing point depression would be about -6°C, back calculated from Richards salinity 
for stage I fluid, it is necessary to extrapolate/... to this temperature(/...= 1.4361). Wco2 
is the mass of C02 in the inclusion, W L is the mass of fluid, V L and V v are the volume of 
liquid and vapour respectively, and 0.41 is the ratio of the molecular weights of H20 and 
C02. If the inclusion volume is 1 cc and given the density of a 1 molal NaCl solution at 
280°C is 0.806 glee, then WL is 0.81 g and Wco2 is 7.6*10-2 g. At T = -6°C the VL is= 
0.81 cc and V v is = 0.19 cc. Solving for Pco2 yields 31.6 bars which corresponds to 
1.84 molal C02 in solution (using lnKH 0 = 2.8419 from Drummond, 1981). This 
amount of C02 would contribute -3.4°C to the freezing point depression of ice and, 
Table FI-2 Porgera Fluid Types 
Early Brines (type 1)/PropyliticFluid 
Early brine derived from PIC - this fluid reacts with PIC and 
is subsequently diluted by ambient shale hosted (formational 
fluid) resulting in dilute deuteric/propylitic fluid which has 
reacted with both PIC and host sediment (at margins of 
intrusives). 
Stage I Fluid - (type 2) 
Rock buffered (calcite sat.) base metal depositing stage I fluid 
responsible for A veins 
- is C02 saturated (- 2 molal) and on L+ V solvus 
- Pt is close to P1ith = - 450 bars, T is - 280°C 
- - 1 molal NaCl, Thsph is 200 to 360°C (Richards and Kerrich) 
Stage II Decompressive - (type 4 & type 2 quartz) 
Rapidly evolving, decompressing fluid which deposits both 
quartz and carbonate (in both A and D veins) and dissolves 
sulphide and Au (in A veins). 
-fluid starts at 450 bars and -280°C and decompresses to 
very low pressure (only a few bars) and -150°C 
- all C02 is lost from the liquid phase during decompression 
-apparent salinity ranges from 4 to 10 wt % NaCl equiv 
however much of this range may be an artifact of C02 
degassing 
Stage II Fluid Mixing - (type 4) 
Mixed fluid consisting of stage II decompressing fluid 
(pregnant ore fluid - descrived above) and a more deeply 
sourced oxidizing fluid with a probable magmatic affinity 
-the hybrid fluid deposits the quartz roscoelite layers 
which constitute the high grade Au mineralization 
- oxidized fluid may be S02 rich and is thought to be source 
of vanadium 
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assuming an original salinity of 1 molal NaCl (5.52 wt% and Tmice of -3.4°C), would 
yield a Tmice of -6.8°C corresponding to an apparent salinity of 10.2 wt% NaCl equiv 
(note this is without considering the possible effect of clathration). This calculation 
suggests that the earlier assumption of a 1 molal salinity is reasonable. 
7. 4 Boiling/Throttling Constraints 
In the following discussion boiling is used in the broadest sense, that is, it does not imply 
that liquid and vapour are of a similar composition (strictly speaking the term 
immiscibility should be used). The term throttle is used to denote the rapid pressure drop 
which is experienced by a fast moving, rapidly expanding hydrothermal fluid, as it passes 
from an area of high pressure to an area of much lower pressure over a short distance (the 
main difference between boiling and throttling is the catastrophic nature of throttling). 
Boiling (fluid immiscibility) at Porgera is discussed in the context of the H20-C02-NaCl 
system. While there are undoubtedly small amounts of other gases such as H2S and CH4 
these were not detected by Raman microprobe (CH4 was detected in one instance in a 
large irregularly shaped secondary inclusion). Even small amounts of additional gases 
will affect the amount of mixing (Duan, et al., 1992), however, these effects cannot be 
quantified without, a.) a better understanding of the solvus shape in the P-T-X space of 
mixed gas electrolyte systems, and b.) accurate analyses of individual inclusion gas 
contents. Given the dynamic nature of decompression at Porgera, and the subsequent 
evolution of fluid compositions from stage I through stage II, bulk analytical techniques 
will at best reflect an average time integrated composition, but may also be adversely 
affected by the relative changes in trapping efficiency with time. 
The H20-C02 solvus was determined by Takenouchi and Kennedy (1963) at pressures 
of up to 1600 bars and from 110 to 350°C. The effect of dissolved salts is to lower the 
solubility of C02 and thus expand the volume of the solvus in P-T-Xco2 space. 
Experimental data for the system H20-C02-NaCl are reported by Ellis and Golding 
(1963), Takenouchi and Kennedy (1965), Gehrig et al. (1979) and Drummond (1981). 
An equation of state for the H20-C02-NaCl system, based on a modified Redlich-Kwong 
equation was presented by Bowers and Helgeson, however application of this equation is 
limited to a minimum temperature of 350°C which is above the limits of the conditions at 
Porgera. While the experimental data define the liquid side of the solvus there are no data 
for the vapour side below 500 bars. However, Gehrig et al. (1979) have contoured the 
vapour side of the solvus for an H20-C02 fluid containing 6 wt% NaCl at pressures 
above 500 bars. A comparison of the Gehrig et al. data with the data of Takenouchi and 
Kennedy (1964) for the H20-C02 binary shows that increasing salinity causes an 
increase in the amount of unmixing along both limbs of the solvus. For example, in the 
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binary system at 1000 bars and 275°C, a boiling liquid will be in equilibrium with a 
vapour containing - 42 mole% C02. Addition of 6 wt% NaCl to the same system will 
result in the vapour phase that contains - 80 mole % C02 a significant increase in the gas 
content of the vapour (Gehrig et al., 1979). 
A simple method of estimating the vapour composition from the experimental data for 
coexisting liquid, would be to assume ideal mixing and apply Daltons's law of partial 
pressures (ie, PT= PH2o + Pco2) and Amgat's law of partial volumes (which implies that 
the pressure fraction P/P is equivalent to the mole fraction). This method was tested by 
attempting to estimate vapour compositions for the system H20-C02 which are 
experimentally determined by Takenouchi and Kennedy (1964 ). The vapour 
compositions estimated by this method were all too C02 rich when compared to 
experimental values4 (GH2o « 0) and therefore, the method was not used to estimate 
vapour composition in the ternary system. 
Henley ( 1984) has modelled the heat and mass balance effects of adiabatic decompression 
in relatively low salinity gas poor geothermal systems. The enthalpy of evaporation of 
water is much greater that of C02 (L\Hvapco2 in a 1 molal solution passes through zero at 
about 190°C) and thus in dilute geothermal systems the enthalpic effects of 
decompression can be approximated by solving the heat balance equation for pure water. 
During closed boiling in these low gas systems the first formed vapour will contain most 
of the C02 (as well as any other gases) depleting the remaining liquid. As the vapour 
fraction increases the C02 content is progressively diluted. Open system behaviour 
depletes the liquid even more rapidly. As pointed out by Henley and Hughes (in prep) 
heat exchange with the host rock sequence cannot be overlooked. This may significantly 
increase the amount of vapour formed, as well as prolong the duration of the 
decompressive event. However, since the enthalpy of vaporization of water (ie 1544 
J/gm @ 280°C) is much greater than the heat capacity of rock (which for Si02 would be 
on the order of 0.75 J/gmK), then eventually a point will be reached where the enthalpic 
effects of vaporization overwhelm the conductive heat flux and an approach towards 
adiabadicity is achieved5. 
Decompression at Porgera was initiated by movement along the Roamane Fault. As 
discussed in chapter 6 (and chapter 10), throttling is thought be the result of rupture of a 
sub-horizontal pressure seal immediately above the orebody. According to this model, 
4This discrepancy is due to the non-ideality of mixing and can be considered a consequence of the fugacity 
coefficient of water which is much less that I under these conditions (which tends to stabilize the 
mixture) 
5This statement is reinforced by the fact that the enthalpic effects of decompression are instantaneous 
(leading to temperature drop) whereas thermal conductivity of rock is slow in comparison. 
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there is a high pressure side b.elow the seal, and a low pressure side above the seal. The 
extent of decompression is constrained by the initial and final pressure values. If there is 
a considerable reservoir of high pressure fluid (below the pressure seal), which is able to 
feed the system, then decompression may approach a steady state process for a finite 
period of time. 
The presence of subhorizontal A veins suggests that the initial fluid pressure must be 
close to the estimated lithostatic pressure of about 450 bars. The stage I fluid is thought 
to be saturated with C02 and to lie along the liquid limb of the H10-C02-NaCl solvus. 
Justification for this assumption comes from a consideration of the combined effects of 
rock buffering and high fluid pressure (as well as the presence of rare three phase C02 
rich inclusions). As discussed in chapter 6, the evolution of the stage I fluid was such 
that it became progressively buffered by the carbonate rich shales which host the PIC. It 
is therefore assumed that the fluid was saturated or at least very close to saturation with 
carbonate immediately before decompression began. Similarly, the pH of this fluid 
would have been buffered by the host sediments. Phyllic alteration of the sediment 
(originally clay rich) is much weaker than in the intrusions suggesting a greater approach 
to equilibrium with the sediments. 
Figure FI-5 plots logfC02 and molality of C02 for a calcite saturated system at 280°C. 
The concentration of Ca is set to O. lm and Yea is 0.066 (individual ion activity coefficient 
calculated at 280°C from Truesdell-Jones (1974) approximation of Debye-Huckel 
equation). Note that fco2 undergoes a steady increase, from extremely low values at high 
pH to very high values at lower pH. The molality of C02 is essentially zero above a pH 
of 5 but increases rapidly as pH drops below 5. This plot illustrates that very high PC02 
can be achieved in only weakly acidic fluids (neutral pH at this temperature is about 5.5) 
if they are calcite saturated. Assuming for the moment that the only acid in the fluid is 
carbonic acid (ie no excess acid as defined in chapter 6) and that the total fluid pressure is 
dominated by PC02, then under conditions of calcite saturation the pH of the fluid may 
actually be controlled by the total pressure. However, it is more likely that the original 
pH was buffered by the host sequence. In this case, pH buffering by the shale host rock 
would move the fluid (which is in the sericite field) toward the sericite kaolinite boundary 
which is at about 3.75. Under these conditions fluid pressure may be controlled by the 
effect of pH buffering in a calcite saturated fluid. Given the logarithmic rise in fC02 with 
pH it is not be surprising that such systems should evolve to a state where Pf exceeds 
P1ith· 
Since the maximum solubility of C02 in a 1 m NaCl solution at 280°C and 450 bars is 
only - 2.35 molal (using Drummond's KH value corrected for PC02), a calcite saturated 
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Figure FI-5. LogfC02 and mco2 versus pH. Curves for calcite saturation 
at [Ca] = 0.1 and 0.01 are plotted. The curve for calcite undersaturated system 
is essentially the same as the calcite saturated [Ca] = 0.1 curve but about 1/2 
log unit fC02 lower. The steep mco2 curves simply reflect the logarithmic 
relationship between pH and fC02. 
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fluid with a pH of 4 to 4.5 will be very close to saturation with C02. 
Immediately after decompression begins, the first vapour formed will be very C02 rich, 
and because of this the enthalpy effects of C02 vaporization may become important (this 
is not an issue in H10 rich systems). Drummond (1981) plots Hco2csolvation) (= 
- Hco2cvap)) against temperature for solutions of different salinity. His data show that 
the enthalpy of vaporization of C02 is exothermic above - 190°C and endothermic below. 
At 280°C Hco2cvap) is - -250 J/gm compared to about 1544 J/gm for H10. Thus, if the 
vapour formed contains more than 85 wt % C02 the enthalpy of C02 becomes more 
important than the enthalpy of H10, and therefore, in the initial stages of decompression 
the temperature may actually rise instead of drop. Quantification of this effect requires 
accurate knowledge of the position of the vapour rich limb of the solvus; this information 
does not exist at present. Nevertheless as boiling continues and pressure drops below 
150 bars, the C02 in the vapour is rapidly diluted6 so that the endothermic effect of H20 
will eventually prevail and the fluid will cool. Below 200°C both gases have endothermic 
enthalpies of vaporization. 
It is interesting that some of the early stage II quartz has homogenization temperatures 
several degrees above the stage I sphalerite. Theoretically, this could be a result of the 
exothermic nature of the first small increment of boiling, although heterogeneous trapping 
seems just as likely an explanation. 
The final or base pressure at the end of decompression is possibly an important 
constraint. At first a normal hydrostatic value may seem reasonable; after all this would 
be the approximate pressure of fluid immediately above the throttle just before rupture. 
However, the fact that the initial fluid is C02 saturated and on the liquid side of a solvus 
limb means that pressure drop will involve the immediate formation of vapour. The 
effective final pressure at the level of the orebody, will be equivalent to the weight of the 
overlying column of liquid and vapour, and therefore, will essentially be determined by 
the volume of vapour in the overlying column. 
If the initial pressure drop was only to a value of - 124 bars (ie hydrostatic pressure at 
about 1700 m depth), this would still result in the formation of a considerable amount of 
vapour. Even a modest estimate of 10 wt% vapour and assuming a pure C027 vapour 
6This effect of decreasing pressure is evident from Takenouchi and Kennedy's (1964) Figure 7 and 8 which 
show the H20-C02 solvus in P-T-X space. This result will also apply to NaCl bearing fluids and is the 
inevitable consequence of C02 loss to the vapour as its solubility in liquid at low pressure becomes 
insignificant. 
7In reality the vapour will always contain a component of steam. This will further decrease vapour 
density resulting in an even greater effect on the weight of the overlying column. 
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with a density of 0.14 glee (@ 124 bars and 225°C, Bottinga and Richet, 1981) and an 
H 20 liquid with a density of - 0.88 glee (Haas, 1971), would correspond to 
approximately 41 % vapour by volume. Thus the density of the decompressed fluid 
decreases from a value of about 0.88 for pure liquid to 0.58 glee for the mixture of liquid 
and 10 wt% vapour; a decrease of - 34 %. This change in density corresponds only to 
the base of the fluid column at the site of decompression; as fluid moves up the column 
fluid pressure will continue to decrease all the way to the surface. The true weight of the 
overlying column will be equal to the integrated density versus depth profile and therefore 
the actual decrease in mass of the overlying fluid column will be much more than 34 %. 
For each calculated decrease in the fluid pressure due to vapour formation in the overlying 
column the vapour fraction must be recalculated at the new pressure. It becomes clear 
that after only a couple of iterations the amount of vapour in the overlying fluid column 
becomes much greater than 90 volume % and hence the actual pressure rapidly drops to 
only a few bars. 
While the early stages of decompression require consideration of both H20 and C02 
enthalpy contributions, the later stages of decompression may be approximated by the 
enthalpic effects of pure water. This is true because of 1.) the dilution of C02 content in 
the vapour at low pressure and 2.) because of the decreasing value of Hco2vap with 
temperature. 
Thus if it is assumed that the decompression is adiabatic (q = 0) and temperature 
decreases from 280 to 150°C (this is actually the stage II temperature), then 
Q0 = QL(l-y) + Qv(Y) where y is the steam fraction. 
Using the steam tables for 280 and 150 °C yields a steam fraction of 0.286. This means 
that decompression results in the transfer of 28.6 % of the mass of water to the steam 
phase; in terms of volume at 150°C this is over 99 %. The vapour pressure of water at 
150°C is only 4.76 bars (Keenan, et al, 1969), which is compatible with the above 
discussion on base pressure. 
The solubility of calcite has been studied by Ellis (1959), Segnit, et al. (1962), Ellis 
(1963), and Sharp and Kennedy (1964). The experimental work of Ellis (1959b) shows 
that calcite solubility increases with increasing PC02 but decreases with increasing 
temperature. Subsequent experiments by Ellis (1963) document the increased solubility 
of calcite in saline solutions. During decompression calcite solubility is affected by both 
decreasing temperature and loss of C02. Ellis ( 1959b) argues that "the increase in calcite 
solubility due to cooling as steam separates is not sufficient to overcome the loss in 
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solubility caused by the removal of carbon dioxide". Segnit et al. dispute this point and 
suggest that during boiling (he was referring to geothermal systems) calcite may at times 
become undersaturated. The widespread occurrence of carbonate (calcite and dolomite) in 
A veins at Porgera attests to carbonate saturation at the onset of decompression, whereas 
the relative lack of carbonate in D veins may well reflect undersaturation as a result of 
cooling to 150°C. 
One of the effects of throttling is the increased concentration of dissolved species due to 
the loss of solvent to the vapour phase. This process can lead to saturation of dissolved 
components. In the strictly adiabatic case this may only amount to one third of the 
original mass of fluid. If the decompressing fluid gains heat from the wallrocks then the 
amount of vapour formed is even greater (R.W. Henley, pers. com.). In the endmember 
case of a fluid in complete equilibrium with an external heat source, the amount of vapour 
formed could be 100 %. The point here is that any heat flux will enhance the amount of 
vapour formation. As a result of these processes large amounts of boiling may cause 
enrichment of dissolved salts in the residual fluid. This could explain the local occurrence 
of brine inclusions in some A veins. However, the continued influx of lower salinity 
shale hosted fluid during decompression probably limited the amount of enrichment in 
most parts of the system. 
It will have been noted that the chemical modelling in chapter 6 was done under 
isothermal conditions. While the isothermal assumption is convenient for modelling it is 
not without some justification . During the initial stages of decompression boiling will 
tend to occur under dominantly isothermal conditions due to conductive heat transfer from 
the host rocks (Henley and Hughes, 1998). However as fluids are focussed into the 
Roamane Fault, water-rock ratios will increase to the point where the conductive heat 
gained from the host rocks is overwhelmed by the enthalpic effects of a rapidly 
decompressing fluid. 
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8 Stable Isotopes 
Richards and Kerrich (1993) presented stable isotope data for 0, H, C and S. On the 
basis of these data they identify two distinct fluid components, an early dominantly 
magmatic component during stage I and a later dominantly groundwater component 
during stage II. New data from this study includes more whole rock analyses as well as 
analyses of fluid derived from thermally decrepitated fluid inclusions. Whole rock and 
mineral an, a18o and a13c analyses were conducted by Commonwealth Isotopic 
Services in Sydney (Anita Andrew's lab). Analyses of inclusion fluids (derived by 
thermal decrepitation) for an, a180 and a13c were conducted by Greg Aerhart at the 
Institute of Geological and Nuclear Sciences Ltd in Wairakei New Zealand. Bulk sulphur 
analyses were conducted by Ross Both at the University of Adelaide and SHRIMP 
analyses were conducted with the help of Stuart Eldridge at Research School of Earth 
Sciences in Canberra.Isotopic ratios are reported as per mil deviation with respect to 
SMOW, PDB and CDT standards. 
8. 1 Carbon and Oxygen 
Figure SI-la shows Richards and Kerrich's (1993) 0 and C isotope data for both vein 
and whole rock carbonate. They point out that the C isotopic compositions of vein 
carbonates are compatible with a magmatic fluid and are distinct from the least altered 
sedimentary rocks. Altered sediments, on the other hand, overlap with the data for vein 
and whole rock carbonate. New data from this study (Table SI-I) are combined with the 
data of Richards and Kerrich (1993) and plotted in Figure SI-1 b. 
a13c and a180 values of A vein carbonate fall within a fairly close grouping ranging from 
-8. l to -4.2, and 12.3 to 18.2 per mil respectively. For late D vein carbonate the points 
are more scattered and tend towards higher values ranging from -6.3 to -0.4 per mil a13c, 
and 16.3 to 22.8 per mil a18o. 
Whole rock sediment values range from -6.2 to -1.2 per mil a13c and 14.4 to 21.9 per 
mil a180. The three highest a13c values are from what Richards and Kerrich's (1993) 
least altered sediment (Om and Chim formation) which are less altered and have higher 
a13c than all sediments sampled in this studyl (only late vuggy carbonate is found to 
have similar high values). The rest of the samples have lower values and overlap the array 
for A vein carbonate. Richards and Kerrich (1993) describe these samples with a13c 
values below -3 per mil as pyritic. In samples from this study, similarly low a13c values 
1This is because Richards and Kerrich's least altered sediments have been sampled at a greater distance 
from the mineralization. 
Table SI-1: Deuterium, Oxygen and Carbon Isotope Analyses 
CSIRO-S~dne~ SamQle # an a180WR a180 carb a13c TOC Comments 
core PGC155WR -67 15.1 18.0 -6.2 bkSh - ChimFm 
core PGC156WR -69 18.7 21.9 -3.5 bkSh - ChimFm 
36L 33x/c PGC270WR -53 13.5 18.9 -4.8 -25.29 bkSh bx, sulphidic - next to cont. w And/Di 
War 2660 PGC282WR -67 14.4 14.9 -3.6 bkSh - well bedded 
War 2660 PGC283 WR -72 15.3 17.3 -5.3 -25.48 bkSh - deformed grungy 
War 2660 PGC284 WR -71 14.0 15.4 -4.8 -19.93 bkSh - well bedded 
War 2660 PGC286WR -67 14.4 15.9 -4.6 bkSh - deformed grungy 
War 2660 PGC289WR -65 13.1 16.6 -4.5 bkSh - deformed grungy 
War 2660 PGC291 WR -74 14.1 17.0 -4.3 -23.98 bkSh - deformed grungy 
War 2660 PGC293 WR -66 12.9 16.3 -5.1 bkSh - next to dyke 
War 2660 PGC295WR -56 13.3 16.7 -3.8 bkSh 
War 2660 PGC297WR -56 12.6 15.6 -4.5 bkSh - indurated 
War 2660 PGC298WR -64 14.6 17.0 -5.3 bkSh - ind -45cm from A vein 
War 2660 PGC299WR -60 12.6 NO CARBONATE bkSh next to A vein - no carbonate 
War 2660 PGC300WR -57 13.1 15.8 -5.6 -24.22 bkSh - next to main intrusive body 
28L 81X/C PGC165 WR -72 13.2 NO CARBONATE altSed - no carbonate 
22L 81X/C PGC193 WR -70 12.4 18.l -4.1 altSed 
22L 36X/C PGC244 WR -67 14.4 grey altSed 
22L,37/xc PGC025 cal 16.4 -2.4 cc vn in RFZ section 
22L,37/xc PGC027b cal 17.0 -0.4 cc vn in RFZ section 
War PGC040 cal 16.6 -4.2 carbonate from banded A vein 
25L, M126 PGC076 cal 16.3 -2.4 late green calcite from D vein 
War 2660 PGC301 cal 16.2 -4.7 2-4mrn cc vnlt in bkSh 
War 2660 PGC304 cal 15.4 -6.4 cc from B vn sample in 303 
War 2660 PGC308 cal 16.6 -4.7 calcite from pyritic horizon in bkSh 
War 2660 PGC343 cal 12.3 -8.1 3mrn cc stgr w mn py + sph hosted by Int 
War PGC062WR -79 14.5 19.5 -3.2 strongly alt hbDi 
War PGC063 WR -61 16.7 20.1 -2.9 hbDi next to A vein 
War PGC064 WR -71 11.4 18.4 -5.2 rel fresh hbDi 
36L, 27x/c PGC114 WR -68 16.1 21.3 -2.6 st alt hbDi 
Table SI-1: Deuterium, Oxygen and Carbon Isotope Analyses 
CSIRO-S}'.dne}'. SamEle# ao o180WR 0180 carb o13C TOC Comments 
36L, 27x/c PGC117WR -80 12.8 16.8 -5.7 cpx Di(Gb) 
22L, 81x/c PGC204 WR -69 12.l 17.9 -5.6 rel fresh Gb 
22L, 81x/c PGC205a WR -76 15.6 19.1 -3.6 intensely altered gabbro 
22L, 81x/c PGC205bWR -76 15.2 19.2 -3.5 strongly altered gabbro 
22L, 81x/c PGC205cWR -77 11.8 19.4 -3.6 weak to moderately altered gabbro 
War2660 PGC325WR -70 12.1 16.5 -4.5 alt Int next to alt Sects 
War 2660 PGC329WR -76 11.0 17.9 -5.3 5cm A vn in Int 
War 2660 PGC332WR -75 11.1 15.3 -6.7 cc rich A vn/Dvn 
Rambari PGC346WR -74 10.0 15.7 -6.5 aug hbDi 
Wangq vn PGC351 qtz -52 16.7 vgy qtz rich mat. FLINC 
22L 8lx/c PGC208 mt -91 9.6 mt-py vein 
IGNS-NZ-Arehar SamEle # oD o180fluid o13C 
AID vein PGC040 spal. -38 6.0 (280) -6.8 
Wangima PGC353a sphal -72 -1.4 (280) very low water yield (0.32mg); analyses is suspec 
Wangima PGC355 spha -7 -0.4 (280) very low water yield (0.24mg); analyses is suspec 
28LFWBypass PGC102 sph -34 -2.9 
Waruwari PGClll sph -35 1.3 
28LFWBypass PGC102py -44 3.2 (280) 
Waruwari PGCl 11 py -41 3.8 (280) 
25L34x/c PGC169 py -39 4.9 (280) 
Rambari q-sp vn PGC345b qtips -42 -3.2 (165) -7.4 low water yield (0.44mg) 
Rambari q-sp vn PGC345c qmid -43 -4.9 (165) -6.0 
Wangima PGC351 qtz -44 -6.3 (165) -6.4 
22L81x/c PGC214a lat.Dqtz -48 -4.5 vuggy barren quartz layer 
22L8lx/c PGC214b ear.Dqtz -51 -4.6 early barren quartz layer 
22L36x/cDrive PGC137a lat.Dqtz -51 -1.6 vuggy barren quartz layer; low water yield (0.36r 
22L3 6x/ cDri ve PGC137b mid.Dqtz -41 -3.8 middle barren quartz layer 
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Figure SI-1. d13C versus d180. a.) Original data from Richards and Kerrich 
(1993); b.) combined data set includes Richards and Kerrich data as well as data 
from this study. 
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were obtained from samples with a wide range of alteration intensities. Carbonate derived 
from altered intrusive rock has Be and 180 values ranging from -6.7 to -2.6, and 15.3 
to 21.3 per mil respectively. 
Figure SI- le shows the same data with additional analyses for fluids derived from 
thermally decrepitated inclusions in quartz and sphalerite mineral separates (all with 180 
below 10 per mil). These analyses require a temperature correction to account for the 
distribution of 180 between C02 and H20. For samples with little C02 the correction is 
insignificant, however, for C02 rich samples it may be as much as 5 per mil at low 
temperatures (- 150°C) becoming less at higher temperature. A sample of A vein 
sphalerite yielded Be= -6.8 and 180 = 7.2 per mil2. Four quartz samples yielded 
higher Be values and much lower 180 values. In the case of quartz samples there is 
the possibility of retrograde oxygen exchange between the mineral and inclusions, 
however, as long as the samples have not been significantly heated after trapping this 
effect should be minimized. 
To assess the nature of any spatially related isotopic variation a series whole rock and vein 
samples were collected across the 2660 bench (which was, in March 1995, along the 
northern high wall of the open pit) which offered excellent exposure of a sediment-
intrusive interface over - 250 meters of horizontal section (as described in chapter 3 - see 
Figure LG 15). Figure SI-2a shows 13C values from whole rock and vein carbonate 
sampled from within the intrusion to up to 150 meters away within less altered black 
shale. Both vein and whole rock carbonate hosted in sediment has Be between -6.4 
and -3 .6 per mil. The igneous rocks appear more negative with two samples furthest 
from the contact returning -6.7 and -8.1 per mil respectively (in both samples the 
carbonate is a homogenous constituent of the rock rather than being associated with the 
altered selvedges of A veins) . Figure SI-2b shows 180 values for whole rock silicate 
across the same section. In terms of 180 the igneous rocks appear to have slightly 
lighter oxygen while the sediments become heavier with distance from the intrusion. 
180 values for whole rock carbonate show no systematic variation. Thus relative to the 
surrounding sediments the intrusion is depleted in 180 and Be. 
In Figure SI-lb the data for C and 0 show considerable scatter. However, if one 
considers only data for carbonate in igneous rocks, then a trend of increasing Be and 
180 becomes apparent. In fact, there is a suggestion of two such parallel trends which 
are shown by the two arrows. The trend with lower Be is called trend A and the one 
with the higher 13C is call trend B. Samples from trend A are more weakly altered than 
those from trend B which are from the strongly altered selvedges of both A and D veins 
2In general sphalerite samples suffered from extremely low water yields making some analyses unusable. 
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(note that A veins typically contain stage II quartz and carbonate). These trends of 
increasing a13c may be explained by simple cooling of fluid with a relatively uniform 
isotopic composition. Using the fractionation factors of O'Neil et al. (1969) for calcite-
H20 and those of Ohmoto and Rye (1979) for calcite-C02, the cooling path is found to be 
parallel to trends A and B. Cooling from 300 to 150°C would be associated with an 
increase of -4 per mil a13c and -7.5 per mil a180 in precipitated calcite (the increases 
would be slightly higher for dolomite), similar to the increases shown in Figure SI-1 b. 
Trends of increasing a13c in carbonate minerals have been observed in several 
hydrothermal ore deposits (Ohmoto and Rye, 1979). At the Providencia Pb-Zn deposit in 
Mexico, Rye (1966) documented a well defined trend of increasing d13C and a180 of 
vein calcite. Rye's data for Providencia carbonate are quite similar to those shown here 
for Porgera. It is not surprising then, that the paragenesis at Providencia (ie pyrite, 
sphalerite and galena followed by carbonate and quartz) is very similar to the paragenesis 
of a typical A vein at Porgera. Rye explains that the increase in d180 and d13C resulted 
from a 150°C degree decrease in temperature with the added possibility of inmixing of 
sedimentary derived carbon. Rye argues that the equilibrium fluid composition (d180 = 
6.4 to 7.9 and d13C = -7 to -9 per mil) falls within the range of magmatic fluid and that it 
is unlikely that the carbon in the hydrothermal fluids came entirely from the host 
sediments. 
The a180 composition of fluid derived from A vein sphalerite at Porgera falls between 
-2.9 and 7.2 per mil; the only a13C analyses returned -6.8 per mil (Figure SI-le). 
Assuming that the heavier a180 values are more indicative of the early fluid composition 
(see discussion concerning d180-dD diagram below), the values of d180 = 7.2 and d13C 
= -6.8 per mil may be considered close to the fluid composition before decompression. 
Calcite precipitated from this fluid at 280°C would have d180 ""' 12.8 and d13C ""' -9 per 
mil. Interestingly these values are close to the most pri itive carbonate at a180 = 12.3 
and a13C = -8.1 per mil. 
Unlike the data for Providencia, the data for Porgera have an additional dimension of 
variation, that is, the data are skewed along the d13C axis in going from trend A to trend 
B. The simplest explanation for this shift would be an influx of fluid rich in sedimentary 
carbon moving the stage I fluid in the direction of least altered sediment. Thus a simple 
explanation for the C and 0 isotopic variation at Porgera would be a fluid of uniform 
isotopic composition which underwent cooling from 300 to 150°C, punctuated by a one 
off shift of - 1 to 2 per mil per mil a13C. For trend A the author does not necessarily 
envisage an individual fluid progressing along trend A, but instead, the extent of trend A 
is thought to represent the range of temperatures that existed both spatially and temporally 
during stage I. In light of the model that was presented in chapter 6, it seems reasonable 
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that the shift in C isotopic composition may correspond to the rapid influx of peripheral 
sedimentary equilibrated fluid immediately following rupture of the Roamane Fault. 
Like the Providencia carbonate the () 13C values for Porgera carbonates are compatible 
with a magmatic origin for much of the carbon. However, earlier arguments suggest that 
this fluid was rock buffered, yet it is only later in the paragenesis that a sedimentary 
carbonate signature is observed. This predicament may be resolved by considering the 
effects of organic C. Organic C from Porgera sediments falls within the typical range for 
reduced sediments (ie - -20 to -25 per mil - Table Sl-1). During formation of altered 
sediments, the early pre-stage I fluids would have oxidized the organic carbon resulting in 
a potentially negative shift of the ()13C fluid. This negative shift would be offset by 
continued equilibration with sedimentary carbonate resulting in a hybrid signature which 
falls within the range for magmatic C. Thus the apparently clean magmatic signature may 
be an artefact of the mixed C source (magmatic + organic sedimentary C + carbonate 
sedimentary C) and, is therefore, not incompatible with a rock buffered stage I fluid. 
8. 2 Oxygen and Hydrogen 
Figure SI-3 shows Richards and Kerrich's (1993) data for 0 and H compositions of fluid 
in equilibrium with various vein and alteration minerals including hornblende, biotite, 
illite, epidote and quartz. The data for hornblende and biotite enabled them to put 
constraints upon the composition of Porgera magmatic water which ranges from () 180 = 
7.9 to 9.3 per mil and dD = -63 to -49 per mil. Their calculated values for stage II quartz 
(T = Th+25°C) fall mostly to the left of the global magmatic water box. Richards and 
Kerri ch (1993) suggest that the stage I fluids responsible for base metal sulphide 
mineralization contained a significant component of magmatic water. For stage II fluids, 
which deposited vuggy barren quartz, they suggest that the 0 and H isotopic composition 
of stage II fluids could be modelled by interaction of meteoric water with host sediments 
under relatively low water/rock ratios. Accordingly much of the isotopic variation can be 
explained without the need of a magmatic fluid. 
New data for fluid derived from thermally decrepitated quartz, sphalerite and pyrite are 
also plotted in Figure SI-3 . The composition of fluid derived from both A and D vein 
quartz falls close to the meteoric water line and is considerably lighter than the fluid 
calculated by Richards and Kerrich to be in equilibrium with quartz. Surprisingly the two 
sets of quartz data fall into two distinct groupings. The composition of pyrite fluid is 
similar to Richards and Kerrich's ( 1993) data for quartz, and three analyses of sphalerite 
fluid span both groups. 
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Figure SI-3. 0 and H isotopic composition of Porgera fluids. Data for 
quartz, illite, hornblende, biotite and epidote (and mine water) are from 
Richards and Kerrich (1993) and represent the calculated composition 
of water in equilibrium with the various minerals. New data (for the 
composition of fluid derived from thermally decrepitated quartz and 
sulphide are also presented. 
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In light of Richards and Kerrich's (1993) previous data, the low () 180 values of quartz 
fluid were quite unexpected, however, at least part of the bimodality may be explained by 
the respective analytical techniques. First, given the small size and general paucity of 
primary and pseudosecondary inclusions in Porgera quartz, it is possible that the released 
fluid was dominated by isotopically light secondary inclusions; these secondaries would 
not however have any effect on the () 180 of the host quartz. Another potential source of 
error lies in the C02 correction applied to the fluid samples. If the measured C02/H20 
ratio is too high then the calculated d180H2o will be overcorrected to lower () 180 values 
(the error will be greatest at low temperatures). The C02 corrections employed for quartz 
samples range from 0 to 4.3 per mil and thus, could account for part of the discrepancy, 
however, the C02 ·rich nature of Porgera fluids suggests that some correction is 
necessary. In those samples with large corrections the C02/H20 ratios were higher than 
would be expected from a typical C02 rich Porgera fluid (ie - 2 - 3 molal) - extremely 
high values were discarded. Of the six quartz samples that form the low () 180 group, 
only one required a large C02 correction of 4.3 per mil, another required 1.6 per mil 
correction and the rest had less than 1 per mil corrections. At best errors in C02 could 
account for only a small decrease in d180. To obtain quartz-water (il180Qtz-H2o) 
fractionation factors, Richards and Kerrich used the average homogenization temperature 
with an added correction of 25°C. If the fluid was boiling then this correction should be 
unnecessary and recalculation of fluid compositions at a 25° lower temperature will result 
in a decrease in ()180 of about 1 to 2 per mil. The best explanation for the observed 
bimodality in a180 composition may be due to a combination factors, including, the 
presence of light secondary inclusions, small errors in the C02 correction as well as the 
possible error invoked by Richards and Kerrich's (1993) 25°C correction to the average 
Th value. 
In summary, the new data for stage I pyrite confirm the compositional signature of fluids 
to the left of the global magmatic water box. The data for sphalerite and especially quartz 
extend to much lower a180 values indicating late interaction with relatively light 
formation waters. That pyrite fluid has a higher () 180 than quartz may indicate either a 
different fluid or alternatively may simply reflect the probability that pyrite has very few 
secondary inclusions when compared to quartz. 
8.3 Sulphur 
Bulk d34S analyses of Porgera sulphides are presented by Richards and Kerrich (1993) 
on sulphides from early propylitic alteration and stage I and II mineralization. Their 
results are shown in Figure SI-4a. Their stage I pyrite falls between 2 and 6 per mil and 
disseminated pyrite associated with early propylitic alteration falls between 1 and 5 per 
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mil. ()34s values for stage II pyrite were found to be much lower ranging from -14 to -10 
per mil. One sample of stage II mineralization returned a value of -1.6 per mil, however, 
this is from a sample which was described as Don B, which suggests that there might be 
some contamination from early B vein sulphide. Richards and Kerrich (1993) also 
present ()34S values of 22.2 and 20.6 per mil for late vuggy barite and anhydrite 
respectively. Note that all samples of stage II pyrite are from quartz roscoelite rich zones 
and not the barren quartz zones. 
Richards and Kerrich (1993) were unable to separate out the barite associated with stage 
II ore bands, nevertheless, they used values for stage II pyrite and barite from late vuggy 
infill to estimate a Li34Ssulphate-Fes2 of 30-35 per mil which is similar to the equilibrium 
fractionation expected for fluids at about 165°C (Ohmoto, 1972). 
SHRIMP ()34S data from this study are shown in Table Sl-2 below (error@ 2 sigma is 2 
per mil). The data are generally similar to those presented by Richards and Kerrich 
(1993), however, SHRIMP analyses of stage II quartz-roscoelite hosted pyrite are even 
more negative than the bulk values reported by Richards and Kerrich 1993. 
SHRIMP analyses of high grade stage II pyrite from sample PGC128 suggest a trend of 
decreasing d34S values across the layer from early to late pyrite as shown in Figure SI-5. 
While this may indicate a concurrent increase in the f 02, the data are preliminary and 
further work is required to substantiate any such trends in ()34S values. This sample was 
described in chapter 5 where it was shown to display well developed growth banding 
defined by Cu, As, and Au concentration (see Figure WR-8). Most of the gold is found 
rimming and replacing pyrite but is also found replacing it along fractures. Tellurides, on 
the other hand, are found replacing pyrite along fractures and as blades and clots within 
pyrite. 
Sample PGC252 is from a pyrite pisolite taken from a pebble breccia (Figure LG-17d). 
Pebble breccias are high grade zones containing pyritic/marcasitic pisoliths up to 1 cm in 
diameter. Pisoliths are generally cored by a fragment of host rock material upon which 
the layers of pyrite grew. They are considered to be part of the stage II paragenesis and 
their negative ()34S values support this. Analysis of pyrite from the wallrock core of a 
pisolith (from sample PGC252) returned a value of 2 per mil indicating a probable· stage I 
affinity . 
Sample PGC243 represents pyrite taken from a disseminated G veinlet and returns a 
uniform ()34S value, from three SHRIMP analyses, of -4 per mil. 
Table SI-2 Sulphur Isotope Analyses of Pyrite 
Sample No. Vein d34S Comments 
Type per mil 
SHRIMP Data 
Sample No. Vein d34S Comments 
Type per mil 
PGC243 1.0 G -4.0 rim of large crystal in sediment 
1.1 G -4.0 core of above 
2.0 G -4.0 margin of cube 2mm from 1.1 
PGC128 1.0 D 0.0 small cube in alt sed wall rock near vein 
2.0 D -15.0 inner margin of gold-bearing vein 
2.1 D -18.0 outer margin of above, next to Au 
2.2 D -16.0 middle of above vein 
2.3 D -15.0 small cube between wallrock and main vein 
2.4 D -14.0 center of pyrite layer 
PGC252 1.0 D 2.0 small cube in wall rock core of "pisolite" 
2.0 D -15.0 inner margin of pisolite 
2.1 D -18.0 Imm from above, toward outer rim (in marcasite) 
2.2 D -13.0 2mm from #2.0 
2.3 D -15.0 3mm from #2.0 
2.4 D -15.0 adjacent to Au bleb, 4mrn from #2.0 
2.5 D -17.0 near outer margin of pisolite 
2.6 D -16.0 outermost band of pisolite, 4.5mm from #2.0 
PGC252 3.1 D -17.0 core of large cube overgrown by banded pyrite 
3.2 D -15.0 rim of above, 2mm away from #3 .1 
Bulk Sulphur 
PGClll-1 A 3.7 shale hosted 
PGC220-1 A 4.9 A vn py shale hosted 
PGC160-1 B 4.3 B vn py in altered sediment 
PGC195-2 B 5.4 B vn py in altered sediment 
PGC195-3 G 0.2 G stgr in altered sediment 
PGC243-l G -1.2 G stgr - incip alt bk shale 
PGC244-1 G 3.7 G stgr in grey altered sediment 
PGC302 B 3.0 diss py in shale 
PGC303 A 5.4 A vn in shale 
PGC306 B 3.9 py from pyritic dol horizon in shale 
PGC307 B 2.3 py from 1 cm B vnin shale 
PGC309 B -5.3 py from discordant py horizon in shale 
PGC310 A 5.1 py from 1 cm A vn in shale 
PGC311 B 5.1 py from B vnlt coming off above 
PGC313 B 5.5 py from B vnlt in shale 
PGC314 A 5.8 py from A vn in shale 
PGC316a A 5.3 A vn py in shale 
PGC316b A vngl 2.6 A vein galena in shale 
PGC317 B 5.8 py from 2 mm B vnlt -close to contact 
PGC318 B 2.8 py from 3 mm B vnlt close to contact 
PGC321a A 4.0 py from edge of 5 cm A vn cl to cont 
PGC321b A 5.3 py from middle of 5 cm A vn cl to cont 
PGC324 B 5.3 py from 1 cm B vn close to contact 
Table SI-2 Sulphur Isotope Analyses of Pyrite 
Sample No. Vein a34S Comments 
Type per mil 
PGC326a A 4.6 py from 1 cm A vn in aughbDi 
PGC326b A vn sph 3.8 sph from 1 cm A vn in aughbDi 
PGC330a A 5.2 py from 1 cm A vn in aughbDi 
PGC330b A 4.4 sph from 1 cm A vn in aughbDi 
PGC330c A 2.9 gl from 1 cm A vn in aughbDi 
PGC333 A 4.4 py from 2 cm A vn in aughbDi 
PGC334 A 3.5 py from 2 cm A vn in aughbDi 
PGC336a A 4.4 py from 10 cm A vn in aughbDi 
PGC336b A 3.6 po from 10 cm A vn in aughbDi 
PGC337 A 4.6 py from 7 cm A vn in aughbDi 
PGC339 B 6.4 py from 1 cm B vein in shale 
PGC340 B 3.8 py from 1 cm B vein in shale 
PGC341 A 4.8 py from 1 cm A vn in aughbDi 
PGC347 G 4.4 py from pyritic breccia in calc sed 
PGC345a A 5.2 py from 2 cm qtz + sph vein in aughbDi 
PGC345b A 4.2 sph from 2 cm qtz + sph vein in aughbDi 
PGC355a 3.6 yellow sphalerite from Wangima 
PGC355b A 3.7 darker sphalerite from Wangima 
PGC355c -1.6 pyrite from Wangima 
Bulk ()34s of Porgera Sulphide - Richards and Kerrich (1993) 
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Figure SI-4a. Bulk sulphur (j34S analyses of Porgera sulphides. 
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8 
Figure SI-5. Photomicrograph of high grade D vein pyrite from Roamane Fault with 
SHRIMP a34S compositions (in per mil) - wt% As is also listed (PGC128 
- lOOx - long axis of photo is 1.2 mm). The pyrite in this sample carries up 
to 0.5 wt % Au (this sample is discussed in chapter 5). 
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New bulk sulphur data (mostly for pyrite) are also presented in Table SI-2 and the data 
for pyrite data are plotted in Figure SI-4b. Data for A and B veins are consistent with that 
of Richards and Kerrich (1993). Bulk data for sulphide from the early G veinlets ranges 
from -1.2 to 3. 7 per mil which is higher higher than the SHRIMP value of -4 per mil. 
Nevertheless, these preliminary results suggest that G vein pyrite may be somewhat more 
negative than stage I pyrite; this observation is also supported by Richards and Kerrich's 
(1993) data which show the early propylitic pyrite ranges to slightly lower values. These 
observations may indicate slightly more oxidizing conditions for pre-stage I fluids relative 
to stage I fluids. 
Assuming that these values reflect some degree of isotopic equilibrium, and that the bulk 
()34S for the system as a whole remained constant, leads to the suggestion (as recognized 
by Richards and Kerrich, 1993) that stage I fluids were relatively reducing and that stage 
II fluids responsible for quartz roscoelite mineralization were relatively oxidizing. This 
conclusion is strengthened by the presence of barite and Fe poor sphalerite as part of the 
D vein quartz roscoelite assemblage, and Fe-rich sphalerite and arsenopyrite in the A vein 
assemblage. 
8. 4 Discussion 
At first glance, the isotopic data for C, 0 and H may seem difficult to interpret due to a 
significant amount of scatter which is further complicated by a distinct bimodality in both 
() 180-()D and () 18o-a13c space. However, many of these complications may be resolved 
within the framework of a dynamic model invoking a large scale decompression. In this 
model rupture of the Roamane Fault terminates the early stage I hydrothermal system, and 
initiates throttling and adiabatic expansion/decompression of the same fluid. Before 
rupture the stage I rock buffered fluid permeated the shale host rocks and was largely 
responsible for the carbonates of trend A on the () 18o-a13c diagram. In more distal parts 
of the system the () 13C fluid signature would become progressively higher until 
eventually, groundwaters containing only sediment sourced carbonate carbon would be 
encountered. Immediately after fault rupture, the same fluid, flows back into the vein 
system leaving its signature in carbonate precipitated both in veins and in alteration 
. selvedges in the igneous rocks. At first the influxing fluid is only slightly different from 
the stage I fluid and causes a modest but rapid shift in () 13C of about 1 to 2 per mil. 
Eventually decompression may approach a steady state process such that continued 
cooling (adiabatic) associated with decompression was responsible for the carbonates of 
trend B. However, as decompression continues fluids are drawn from progressively 
more distal parts of the system until eventually groundwaters inundate the system and late 
carbonates with a sedimentary signature are deposited. Due to the reduced nature of the 
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sediment hosted fluid, organic carbon remains in the sediment and does not influence the 
fluid composition of the carbonates (as it did the pre-stage I fluid due to oxidation). 
The position of sedimentary carbonate is consistent with this interpretation. Just as the 
shales have had their effect upon the hydrothermal fluid, so has the early fluid affected the 
composition of the shale hosted carbonate (this was recognized by Richards and Kerrich). 
The sediment closest to the vein system has been variably affected by the early 
hydrothermal fluid which explains the scatter of data for sedimentary carbonate which lies 
across both Trends A and B (at low () 180 values) and continues to higher () 13C towards 
the least altered sediments. 
As discussed previously super-saturation leads to precipitation of chalcedonic or very fine 
grained quartz for much of the decompression resulting in the trapping of very few 
useable fluid inclusions. The result, is that most of the inclusions measured by 
microthermometry have been trapped late fluid towards the end of the decompressive 
event (as discussed in chapter 7), while in fact much of the quartz, was actually 
precipitated earlier from a potentially heavier fluid (temperature does not seem to be the 
culprit). This phenomenon may help to explain the observed decoupling of () 180 analyses 
in quartz (Richards and Kerrick, 1993) from those in bulk fluid extract (this study). 
In summary, the stable isotope data for stage I and II fluids neither support nor refute the 
presence of a magmatic component. However, Pb and Sr isotopic ratios for A vein pyrite 
and carbonate (Richards et al. 1991) do indicate a magmatic contribution. Unfortunately 
even these data are inconclusive since it is possible that these components were leached 
(from the intusions) by heated formation waters. 
I 
Pae 95 
9 Vanadium Geochemistry 
9. 1 Introduction 
The association of roscoelite with hydrothermal Au mineralization has been documented 
at several localities including Porgera and Mt Kare in Papua New Guinea (Richards and 
Ledlie, 1993), Emperor Fiji (Ahmad et al., 1987), and Mt. Charlotte in West Australia 
(Clout, 1981) to name only a few. For this reason the stability of roscoelite at high 
temperature is of interest to economic geologists. In order to define the relative stability 
of vanadium minerals and aqueous species in hydrothermal fluids, thermodynamic data 
for the various species are required at high temperatures. For aqueous vanadium species 
most of the required data have been recently published in Shock et al. (1997) . 
Unfortunately, the data for V mineral species are restricted to 298 Kand there are no data 
for roscoelite. Wanty and Goldhaber (1992) present a thorough review of the data for 
both aqueous and solid vanadium species, and present a set of internally consistent data at 
298.15 K, which is the source of much of the data used in the present study. These low 
temperature (298 K) data are extrapolated to high temperature by combining the one-term 
extrapolation method of Gu et al. (1994) with the third-law method. 
Once a data set is established a series of P02 verses pH stability diagrams can be 
calculated representing the stabilities of the various aqueous species and mineral phases. 
These can then be used to asses the nature of vanadium transport and deposition, and 
hopefully, contribute to the understanding of Au mineralization at Porgera. 
9. 2 G 0 298 Roscoelite 
Since there are no thermodynamic data available for roscoelite (KV2[A1Sh]010[0Hh) at 
any temperature, estimates of the G 0 f for roscoelite were obtained using the methods of 
Tardy and Garrels (1974), and Chen (1975). The Tardy and Garrels method is " ... based 
on the assumption that each silicate can be represented by oxide and hydroxide 
components possessing Gibbs energies of formation within the silicate structures that are 
constant but may differ from the Gibbs energies assigned to the components as separate 
phases." Tardy and Garrels (1974) show that silication energies ( Gf,silicated- Gf,free) 
are proportional to the electronegativity of the component cations, and accordingly, the 
silication energy of V 203 (which has an electronegativity of 1.6) is estimated to be -5 
kcal/mol. Using this value leads to an estimate of -273.3 kcal/mol for the silicated free 
energy of V203 . Thus using the data of Tardy and Garrels (1974) for the silication 
energies of the oxides, the free energy of roscoelite can be estimated by adding the free 
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energies of the silicated component oxides: 
112 K10 + V203 + 1/2 Al203 + 3 Si02 + H20 = KV2(AlSi3)010(0Hh 
1/2(-187.986)+(-277.108)+ 1/2(-382.500)+3(-204.692)+(-59.l 90) = -1.234.6 kcal/mol 
Using Chen's (197 5) method, the target mineral is formed by reaction of various 
compounds ranging from simple oxides to more complex silicates. The magnitude of the 
free energy change of these reactions depends on their complexity. Each reaction is 
characterized by a value of L.~G0 f,i (the sum of ~G0 f of the compounds in each reaction) 
and ~G0r (L,~G0f,i - ~G0f,rosc). Chen (1975) arranges the combinations in descending 
order of Gibbs free energy. For roscoelite this results in: 
1/2 K10 + V 203 + 1/2Ah03 + 3Si02 + H20 
1/2K20 + V 203 + 1/2AhSiOs + 512 Si02 + H20 
KAlSi04 + V 203 + 2Si02 + H20 
KAlSi206 + V 203 + Si02 + H20 
KAlSi30g + V 203 + H20 
L~G0 fi 
' 
-1, 170.467 kcal 
-1,170.952 
-1,218 .365 
-1,219.213 
-1,225.954 
Each set of components are then assigned a rank (X) within the order (if two values of 
~Gf,i are similar then they are given the same rank) which facilitates plotting of ~Gf,i 
vs X. Curves are fit to an exponential equation of the form y = a*exp(bx) + c where c is 
the estimated free energy of formation of roscoelite (Figure V-1 ). 
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Figure V -1. Regression of ~G 0 f,i values for roscoelite; c is equal to ~G 0 f,rosc· 
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This method yields ~G0f,rosc of -1,227.2 kcal which is significantly different to the value 
of -1,234.6 kcal estimated by the Tardy and Garrels (1974) method (a difference of 1 
kcal would lead to a change in lnK of reaction of 0.73 units at 298 Kor 0.38 units at 573 
K). The following calculations will use the average value (between the two estimates) of 
-1230.9 kcal. 
9.3 ~GT Roscoelite, V(OH)3, VOOH, V204, and VO(OH)z 
For an isocoulombic reaction the temperature dependence of free energy is given by: 
where A= -(T-TJ and B = T -T 0 - TlnT/T 0 (Cobble, 1982). This is known as the three 
term equation because three constants ~G0T0 , ~S 0T0 and ~Cp0 are required to solve for 
~G0T. Lindsey (1980) showed that ~Cp0 is generally constant and close to zero, and 
therefore, can be omitted. This leads to the two term equation: 
However, Gu et al. (1994) note that ~Cp0 and ~S 0T0 terms for isocoulombic reactions are 
typically opposite in sign and tend to cancel each other. Thus, omission of both terms 
generally gives a better extrapolation than excluding only one term. This leads free 
energy of reaction that is essentially constant and independent of temperature such that: 
~G0T = ~G0T0 = -RTlnKT (1) 
This is referred to as the one term equation. In the following derivations three term 
extrapolations are used where thermodynamic data for both entropy and heat capacity 
at 25°C are available, however, where only one of ~S 0 To or ~Cp 0 is available then both 
terms are omitted and a one term extrapolation is applied. 
Having established a set of equilibrium data for a given isocoulombic reaction, and given 
the ~G0 f(T) data for all but one of the nominated species, it is possible to calculate the 
~G0f(T) for the nominated species. Alternatively the third-law method may be used to 
~H0 f,T, ST and Cp 0 ,T for the nominated species. Data are modelled using the CSIRO-
SGTE THERMODATA software package (Turnbull and Wadsley, 1986). Both 
techniques are performed in THERMODATA by using the Third-Law directive. In 
performing third-law calculations THERMODATA uses the Free Energy Function (FEF 
= (G 0 T - H 0 29g)/T) of both species and reaction to calculate the FEF of the nominated 
species versus T. Given the FEF versus temperature for the nominated species both 
enthalpy and entropy may be calculated over the appropriate temperature range. Note that 
the FEF is employed only as a simple method of solving the free energy integral at each 
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temperature and while it has no direct thermodynamic significance it is of great use in 
programs such as THERMODATA. 
As a starting point in calculations, data for non-vanadium minerals are taken from 
Holland and Powell (1990). Data for species not contained in these data sets, that is all 
of the vanadium minerals, must be extrapolated to high temperature starting with initial 
free energies of the species at 298 K. Table V-1 shows the source of each of the aqueous 
and mineral species used in the calculations. 
Using the one term extrapolation technique of Gu et al. (1994) requires isostructural 
reactions such as: 
KV2(AlSi3)01o(OHh + Al203 = KAli(AlSi3)010(0Hh + V203 (2) 
G 0 r,298 = -4,226 cal 
Assuming that the Gr(T) of this reaction is constant, the G 0 t(T) (ie G 0 fas a function 
of T) of roscoelite is estimated. To do this THERMODATA requires G 0 t vs T data for 
all of the other species. Data for corundum and muscovite are obtained from Holland and 
Powell ( 1990) and data for V 203 is obtained by combining H 0 f,298 data of Wanty 
(1992) with Cp 0 vs T data from the CPDSGT (Scientific Group Thermodata Europe 
1983) database. 
The isocoulombic reaction used to obtain G0 T for V(OH)3 is: 
V203 + 2 Fe(OH)3 = Fe203 + 2 V(OH)3 (3) 
G 0 r,298 = 3,602 cal 
Data sets (to over 300°C) for Fe203 and Fe(OHh are obtained from Holland and Powell 
(1990) and CPDMRLDAT (CSIRO Mineral Research Laboratories data) respectively. To 
check that the data for Fe(OH)3 are consistent with Holland and Powell, the H 0 f(298) 
values for Fe203 were compared for both data sets and it was found that they differed by 
only 25 calories. Furthermore, plots of H 0 f vs T for Fe203, from both data sets, show 
essentially parallel curves indicating very similar CpT functions. The G 0 t,298 for 
V(OH)3 was taken from Wanty and Goldhaber (1992). Thus using the one term 
extrapolation of G 0 r. data is estimated for the G 0 f (T) of V(OH)3. 
To obtain data for VOOH (montroseite) the following isocoulombic reaction is used: 
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Unfortunately there is no data available for VOOH even at 298°K. However, due to the 
relatively symmetric isocoulombic nature of the reaction, it is unlikely that the standard 
state free energy for reaction 4 is far from zero. Thus, as an approximation, G 0 r is set 
to zero and Gt,T is calculated for VOOH. Data for goethite (FeOOH) at up to 500°K 
was obtained from Diakonov et al. (1994). This goethite data is consistent with the data 
for Fe203 of Hemingway et al. (1990), and therefore, comparing H 0 f,298 of hematite 
from Hemingway with that from Holland and Powell gives an indication of consistency 
of the goethite data. The differences (61 calories/mole) were not significant and thus 
Diakonov et al.'s data were used directly without modification. Even though goethite 
starts to decompose at temperatures above 473°K (Diakonov et al., 1994), the data set is 
extrapolated to 600 K to facilitate derivation of Gt(T) of VOOH. 
Derivation of thermodynamic data for V204 (paramontroseite) is achieved through the 
following reaction: 
(5) 
Wanty and Goldhaber (1992) provide no data for V204, however, Wagman et al. (1982) 
list values for G 0 f,298· H°t,29s as well as S 0 298 and Cp 0 298 (from the elements). 
Thus, using the three term equation (see above) a set of equilibrium data describing G 0 f 
as a function of temperature can be generated. This can then be used in the derivation of 
G0 t,v2o/T), or alternatively Cp
0 (T). The G0 T data for the reaction thus derived are as 
follows : 
T G 
0 
T (of reaction 5 above) 
298.15 6817 cal 
328.15 6551 
358.15 6283 
388.15 6013 
418.15 5742 
448 .15 5470 
478.15 5196 
508.15 4920 
538.15 4644 
568.15 4366 
598.15 4088 
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Derivation of thermodynamic data for VO(OHh (duttonite) is facilitated through the 
following reaction: 
1/2V204 + 2FeOOH = VO(OHh + Fe203 (6) 
~G0r = 3,318 cal 
Data for ~G0t,298 of VO(OHh (duttonite) are provided by Wanty et al. (1992) and the 
one term extrapolation of equilibrium data for the reaction is used. 
9. 4 Aqueous Species 
Thermodynamic properties for H10 are contained in the SUPCRT database. Shock et al. 
( 1997) report new correlations for a wide range of aqueous vanadium species including 
hydroxides which are used in this study. Data for all other aqueous species (K+, Al3+, 
sulphur species, C02 and CH4) are taken form SUPCRT. The only data available for 
V(OHh+ is the ~G0f presented by Wanty and Goldhaber at 298°K. 
In this study Eh-pH and logP02-pH diagrams were generated using the SYSTEM 
subroutine of the THERMODATA program. The source of data of all species used in the 
following calculations is listed in Table V-1. To test the integrity of the current data set, 
an Eh versus pH diagram, showing aqueous vanadium speciation (at V = 0.00001 molal 
or - 5 ppm - assuming activity is equivalent to molality at these low concentrations), was 
generated at 298 K (Figure V-2) and compared with the same diagram generated by 
Wanty and Goldhaber (1992). The agreement between the two diagrams is excellent. 
Addition of mineral species to this diagram results in Figure V-3 in which the activity of 
Al is buffered by the presence of K-feldspar and muscovite, K+ activity is fixed at 0.01 
and V activity is fixed at O.OOOlm. In this diagram roscoelite shows a large stability field 
which completely overlaps the fields of VO+ and VOH+. 
9. 5 Calculation of P02 - pH Stability Diagrams 
This section presents logP02 versus pH diagrams for the system H10 - V - Al - K - S at 
25, 150, 200, 250, 300 and 325°C. Aluminum concentration is again controlled by the 
presence of K-feldspar and muscovite, K+ activity is fixed at 0.01 and V is fixed at 
O.OOOlm. Results are shown in Figures V-4a to f. For reference the predominance 
fields of aqueous sulphur species are also shown as well as reactions for K-feldspar-
muscovite, C02aq-CH4aq, and S02g-H2Sg. Roscoelite and paramontroseite (V204) are 
stable at all temperatures while V 203 is unstable at low temperature but becomes 
Table V-1 Data Sources 
Species ~Gf298 cal 298 Source H&P JLWAQU Shock et al.'9' GIBABC CPDLAR CPD MRI Comments 
KA!Si308 kspar -897,156 JLW xx 
muscovite -1,341 ,210 JLW xx 
roscoelite xx ~Gf298 from T&G and Chen et al.,f(T) from 3rd Law 
Si02 xx 
Al203 (corundum) -378,200 JLW xx 
Fe203 (hematite) -177,770 JLW xx 
Fe304 (magnetite) -241,760 xx 
Fe(OH)3 -168,634 MRL xx 
FeOOH (goethite) -117,629 Diakonov '94 xx all data from Diakonov et al. 1994 
02 (G) xx 
H20 (AQ) -56,690 SUPCRT xx xx xx from JL WH2095 
V203 -272,108 Wanty & Goldhaber '92 xx mf298 from Wanty '92, Cp(T) from SGT 
V204 (paramontroseite) -315,081 NBS xx xx m and S from Wagman et al., 1982; f(T) from 3rd Law 
V(OH)3 -214,006 Wanty & Goldhaber '92 xx ~Gf298 from Wanty '92, ~Gf(T) from 3rd Law 
VOOH (montroseite) -164,801 3rd Law xx from 3rd Law 
VO(OH)2 (duttonite) -211,711 Wanty & Goldhaber '92 xx 
K+ xx 
V+2 -52,000 Shock et al. '97 xx 
V+3 -57,900 Shock et al. '97 xx 
VO+ -106,100 Shock et al. '97 xx 
V0+2 -106,700 JLW xx 
V02+ -140,300 JLW xx 
V04-3 -214,900 Shock et al. '97 xx 
HV04-2 -233,000 Shock et al. '97 xx 
H2V04- -243,990 Shock et al. '97 xx 
H3V04 -249,200 Shock et al. '97 xx 
H4V04+ -253,346 Wanty & Goldhaber '92 xx data at 298.15 only 
YOH+ -99,800 Shock et al. '97 xx 
VOOH+ -155,700 Shock et al. '97 xx from 3rd Law 
V(OH)+2 -111,500 Shock et al. '97 xx xx 
V(OH)2+ -162,500 Wanty & Goldhaber '92 ~Gf data at 298.15 only - no enthalpy 
Table V-1 Data Sources 
Species ~Gf298 cal 298 Source H&P JLWAQU Shock et al.'9' GIBABC CPDLAR CPD MRI Comments 
H2S (aq) xx 
HS- (aq) xx 
S04-2 (aq) xx 
HS04- (aq) xx 
C02 (aq) xx 
CH4 (aq) xx 
S02 (g) xx 
H2S (g) xx 
V-Al-Si-0-H System@ 25°C. 
V = 0.00001 m. 
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Figure V-2. Eh versus pH diagram at 25°C showing the relative 
stability of aqueous vanadium species. 
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increasingly stable relative to roscoelite at higher temperature. At normal conditions of 
pH and P02, vanadium is soluble in the +5 oxidation state but is relatively insoluble in 
the +3 state, as in roscoelite and V203. In the y 4+ state V may mobilize as V02+ and 
deposit as V 204. 
The diagrams show that both pH and P02 as well as temperature have a strong effect on 
roscoelite solubility. At low temperature the roscoelite field overlaps the aqueous 
sulphate field at around neutral values of pH, whereas at higher temperatures, above 
300°C, it retreats to P02 values below the aqueous sulphate-sulphide buffer. The lower 
P02 limit of barite stability is subparallel to the sulphate-sulphide boundary and about 2 
log units lower (actually dependent upon the concentrations of S, Ca and Ba) in P02. 
The coexistence of barite and roscoelite in D veins suggests that fluids were close to this 
area of overlap. 
The stability of paramontroseite (V 204) is limited to oxidizing, weak to moderately 
acidic, solutions (except at low temperature where it becomes stable at neutral pH). V20 3 
is stable on the low pH side of roscoelite below the aqueous sulphide-sulphate buffer. 
As an alternative to buffering the Al3+ concentration by saturation with muscovite and K-
feldspar the concentration of Al3+ was simply fixed over the entire diagram (Figure V-5). 
Very low concentrations of Al3+ around 10-21 were required to keep the roscoelite field 
from covering most of the diagram. Controlling the Al3+ concentration by silicate 
buffering is considered a more relevant approach in natural systems where fluids are in 
contact with silicate rocks. 
9. 6 Discussion 
In chapter six it was suggested that the high grade stage II Au mineralization at Porgera 
was the result of mixing of a reduced Au bearing fluid with an oxidized fluid. The 
reduced fluid being buffered by the composition of the black shales whereas the oxidized 
fluid sourced from a fresher more oxidizing (deep) magmatic source. Given the stability 
of V minerals shown in Figure 4 it is considered unlikely that significant V could be 
mobilized in the reduced rock buffered fluid. On the other hand under acid oxidizing 
conditions V would mobilized as vo2+. 
At Porgera the restricted occurrence of roscoelite as discrete layers in stage II D veins 
coupled with the relative immobility of V species in reduced fluid, lends support to the 
concept of sporadic introduction of a distinct oxidized fluid component during stage II. 
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V = 0.0001 m, activity K = 0.01 , Al= 10-21m. 
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Figure V-5. LogP02 versus pH diagram showing relative stability of vanadium 
minerals and aqueous species. Aluminum concentration is fixed at 10-21 molal 
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The source of V may have been the deeply buried parental intrusion. In most magmas V 
is sequestered in Fe-Ti oxide phases. In magnetite V is present in the v4+ state, 
however, under more oxidizing conditions y 5+ - which does not fit into the oxide 
structure - dominates (Bob Loucks, pers. comm.). Thus under conditions of high P02, 
fluids exsolved from a crystallizing magma might be expected to contain high V 
concentrations. 
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1 O Regional-Deposit Scale Synthesis: Toward an Integrated 
Model for Intrusive Related and Sediment Hosted Gold 
Deposits 
10 .1 Introduction 
Recent work on the Porgera Gold Deposit in Papua New Guinea has led to genetic model 
for gold mineralization at Porgera, which may have a broader application to include 
sediment hosted gold deposits (SHGD's). In both the New Guinea Highlands and in 
north central Nevada, major gold deposits show a remarkably close spatial relationship to 
a regionally extensive tectono-stratigraphic boundary. It is suggested that such regional 
boundaries were, in the past, barriers to fluid flow and marked the transition from 
hydrostatic to lithostatic pressured fluid reservoirs. The model involves decompression 
or throttling of an initially super-lithostatically pressured hydrothermal system, and is in 
broad terms similar to the model proposed by Kuehn and Rose ( 1995) for Carlin. In the 
present model, however, the author suggests that the process of decompression may lead 
to the chemical dissolution and remobilization of pre-existing auriferous sulphide 
mineralization, and the subsequent deposition of gold rich ore in more restricted zones of 
fluid mixing. Paragenetic observations at Porgera unequivocally demonstrate the 
dissolution of large quantities of early auriferous sulphide. Initiation of decompression is 
linked to the rupture of a regional pressure seal, which it is argued (in contrast to Kuehn 
and Rose, 1995) is above the zone of most efficient fluid mixing and hence, gold 
mineralization. Considerable differences among individual deposits (ie Porgera versus 
Carlin) may be explained by the relative importance of stratigraphic versus structural 
control and the relative efficiency of decompression and fluid focussing/mixing. 
The formulation of this particular version of a SHOD model draws heavily upon the 
numerous significant contributions of other workers. While no individual element of this 
model is new, it is thought that the particular integration of concepts is. This contribution 
makes no claim to end any discussions or debates concerning the origin of SHGD's, 
rather it is hoped that it will stimulate them. 
The details of Porgera geology and geochemistry have been discussed in previous 
chapters. This chapter begins with a description of the evolution of the Porgera 
hydrothermal system and attempts to link deposit scale and regional scale features. This 
is followed by a regional to deposit scale comparison with Carlin-type SHGD's, and 
finally, a model for the origin of Carlin-type deposits is proposed and discussed. 
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10. 2 Porgera Summary 
10.2.1 Regional Architecture 
Host rocks at Porgera lie within the distal facies of the Papuan Fold Belt (as defined by 
Hill, 1991) and during late Mesozoic time would have been deposited very close to the 
edge of the continental shelf, which marks the boundary between platform shelf 
sediments to the southwest and deeper basinal sediments to the northeast. As shown by 
Hill (1991) the Papuan Fold Belt is comprised of a series of discrete tectonic blocks 
(Figure RG-5), marked by regional scale facies variations and major structural 
discontinuities. Individual blocks have undergone variable amounts of vertical and lateral 
motion. The main structural elements that bound these blocks are major northwest 
trending ( orogen parallel) thrust faults, and major northeast trending reactivated transfer 
faults (lateral ramps of Hill, 1991 ). 
Apatite Fission Track Analyses conducted by Hill and Gleadow (1989) show that uplift in 
the Papuan Fold Belt occurred throughout the Pliocene and Pleistocene. Richards and 
McDougall ( 1990) have dated the PIC at 6 Ma (40 Arl39 Ar) and the mineralization at 5.1 
to 6.1 (K-Ar dating of hydrothermal sericite) and conclude that most of the deformation at 
Porgera occurred in the late Miocene. Thus mineralization appears to have occurred very 
shortly after intrusion of the PIC and both events correspond to the onset of uplift caused 
by collision with an island arc terrain to the north. It may be that early uplift of the 
Andabare-Laiagam plateau has sheltered this area from the full extent of subsequent 
ongoing compressional orogeny. 
The northeast trending reactivated transfer faults constitute' an important regional control 
on the location of gold and copper deposits. An interesting metallogenic feature of the 
New Guinea Highlands, is the location of several of the larger gold and/or copper 
deposits, all within a few hundred meters of the same regionally extensive contact 
between Tertiary limestone and underlying Cretaceous elastic sediments. Figure RS-1 
shows the positions of several gold/copper deposits located along this regional contact, 
including Porgera, Mt Kare, Ok Tedi, Frieda River and Nena in Papua New Guinea (in 
PNG this is the contact between Chim Formation shale and Darai Formation limestone), 
and Grasberg and Ertsberg in lrian Jaya. Sillitoe and Bonham (1990) recognize a similar 
relationship in the Bau district of Sarawak where gold deposits are ·located beneath a 
stratigraphic contact between limestone and shale. 
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Figure RS-1 . Regional geologic features of the New Guinea Highlands showing spatial relationship of major Cu-Au deposits to the regional 
contact/decollement between Tertiary limestone and underlying Mesozoic elastics. Geology after 1:1,000,000 compilation of Bain et al., 1971 . 
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10.2.2 Possible Fluid Reservoirs 
To understand the potential sources of fluid at Porgera it is instructive to reconstruct the 
original setting of the PIC within the crust. The currently exposed portions of the PIC are 
hosted in Chim Formation shale and would have originally been just beneath the contact 
with the overlying Darai limestone (which at Porgera has been removed through erosion). 
Modelling of aeromagnetic data (Logan, 1993) indicates the presence of a large deeply 
buried parental stock, which is thought to continue to at least 6 km depth. 
Figure RS-2 is a sketch showing the position of the PIC and includes a hypothetical 
geometry of the deeply buried parental stock. The depth to basement as well as the 
position of the Om/Chim Formation contact is based on reconstructions of Hill (1991). 
The sea level datum is relative to the present day configuration which is the result of 
several thousand meters of uplift since the late Miocene. This section contains two major 
decollement surfaces, the Darai Limestone-Chim Formation contact and the Chim 
Formation-Om Formation contact (as reconstructed by Hill, 1991). The possibility that 
the Om/Chim contact exerted control upon the shape and position of the buried parental 
chamber (as shown in Figure RS-2) is pure speculation. 
Both the Om and Chim formations consist of reduced carbonaceous elastic sediment; 
syngenetic pyrite is commonly noted (Corbett, 1980, Fleming et al., 1986, and Davies, 
1983). These sediments are thought to play a significant role in generation of the reduced 
rock buffered stage I fluid. This conclusion is supported by Richards et al. (1991) Pb 
and Sr isotope data which show that A vein sulphides are isotopically intermediate 
between the known values for the intrusive phases and the Om Fm black Shales and 
siltstones. On the other hand, the Darai Limestone was located above the proposed seal 
and is unlikely to have played a role in the early fluid chemistry at Porgera. 
The deeply buried parental magma chamber is a potential source of oxidized magmatic 
fluid. The PIC is not a typical island arc suite but instead exhibits some distinctive 
characteristics which include (Richards and Kerrich, 1990): a mafic alkaline nepheline 
normative composition, lack of negative anomalies for Nb, Ta and Ti02 (which are 
typical of arc plutonism), and a relatively oxidized mineral assemblage (oxide but no 
sulphide). These characteristics are interpreted to indicate derivation of the PIC from a 
source in the subcontinental lithosphere which has been metasomatized with slab derived 
partial melt; Simberi Island (Mclnnes and Cameron, 1994) may be a modem volcanic 
analogue. 
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Figure RS-2. Sketch showing position of PIC, fluid reservoirs and 
inferred parental stock at depth. Elevations are for present day 
configuration and therefore include all subsequent uplift. See text 
for details. 
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10.2.3 Evolution of the Porgera Hydrothermal System 
The earliest alteration at Porgera is the propylitic alteration of the intrusions and phyllic 
alteration of the black shale along intrusive contacts. The fluids appear to have passed 
from the intrusions and moved out into the black shale, however, alteration relationships 
along the contact suggest that mass has moved both ways. Near the contact (ie generally 
within a few meters) shale undergoes bleaching, coupled with increases in K, Rb and Ba, 
and losses in Ca, Na, Pb and Zn. Paragenesis, whole rock chemistry and fluid inclusion 
data suggest that the early alteration of both the sediments and the intrusive phases was 
caused by interaction with relatively oxidizing, moderately acidic, deuteric fluid. 
Fluids emanating from this buried chamber would undergo similar reactions with their 
host sediment as they flowed upwards, following the same structures previously used by 
the shallow level intrusive complex (Figure EP-lb). As fluid passes beyond the altered 
sediment into relatively less altered calcareous shale, it becomes progressively more 
buffered and causes progressively less alteration. It is through this gradual evolution, 
that the postulated deeply sourced relatively oxidizing acidic fluid ascends and evolves 
into the reduced rock buffered fluid which was responsible for the stage I mineralization. 
Continued upward flow of this fluid, accompanied by gradual decompression and cooling 
under lithostatic pressure, results in intersection of the two phase C02-H20-NaCl solvus. 
Small amounts of passive boiling, lead to precipitation of base metal sulphides and gold 
which were most likely complexed as chloride and sulphide complexes respectively. The 
occurrence of subhorizontal stage I sulphide veins (Munroe, 1996) indicate that pressures 
exceeded lithostatic at this time. 
The base metal rich AIB veins and disseminations which formed during stage I are found 
in both intrusive and sedimentary rocks but show a spatial relationship to the exposed 
intrusive complex. AIB veins generally occur within 150 meters of intrusive contacts but 
disseminated mineralization may persist for several hundred meters. Veins are associated 
with moderate to strong phyllic alteration of the intrusive rocks but have a much weaker 
effect upon black shale. Richards et al. (1991) show that the Pb isotopic composition of 
both A (and D) veins sulphides are intermediate between the values for the PIC and the 
Om Formation sediments, with a lesser degree of control by the host Chim Formation. 
Fluid inclusions in stage I sphalerite homogenize (to L) between 200 and 360°C (Richard 
and Kerrich, 1993) and have a salinity of about 1 molal NaCl (derived by correcting NaCl 
equiv of Richards and Kerrich for C02 content). The C02 concentration has been 
estimated at just over 2 molal and pressure has been estimated at - 450 bars based on 
critical homogenization observed by Richards and Kerrich (1993), and in agreement with 
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stratigraphic estimates as well as PTX relationships discussed in chapter 7). 
Figure EP-11 shows a pressure versus depth curve through a hypothetical section of 
shallow crust which contains an impermeable barrier (Cox et al., 1987, and Hobbs and 
Ord, 1997). This scenario is considered similar to that which would have existed at 
Porgera during stage I. Immediately above the aquitard, fluid is hydrostatically 
pressured. Below the aquitard, the absolute value of fluid pressure will tend to be 
lithostatic, however, as pressure equilibrium is achieved the gradient will shift towards 
hydrostatic. Attainment of an equilibrium hydrostatic gradient assumes a certain degree 
of convective transport of fluid within the rock column beneath the pressure seal. The 
extent of convection and the size of this reservoir of reduced fluid will depend on the 
permeability of the host rocks (which is in part dependent on deformation rate, Hobbs 
and Ord, 1997) and upon the presence of any additional aquitards within the section. 
Pressure 
Figure EP-11. Pressure versus 
depth curves for lithostatic and 
hydrostatic gradients (after Cox 
et al, 1987, and Hobbs andOrd, 1997) 
As pressure equilibrium is achieved over greater vertical intervals, the fluid pressure 
immediately below the aquitard may exceed the lithostatic pressure of the overlying rock. 
This will eventually lead to tensional failure or, under conditions of high differential 
stress, lead to fault failure as the shear stress exceeds the frictional strength of the rock 
(Cox et al., 1987). It is these parameters which ultimately lead to rupture of the overlying 
pressure seal and the subsequent decompression of the overpressured hydrothermal 
system. 
Initiation of the Roamane Fault Zone (RFZ) breached the overlying pressure seal and 
caused decompression of the stage I hydrothermal system. Processes which occur after 
fault rupture are referred to as stage II (D veins). The RFZ and related structures 
constitute the crosscutting stage II-D vein system which hosts all of the high grade gold at 
Porgera. Fluid that originally deposited base metal sulphide and gold along the early 
veins, immediately began dissolving both (generating the ore fluid), and simultaneously 
deposited quartz and carbonate as the fluid flowed into low pressure zones along the fault 
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zone (Figure EP- lOb ). The initial stages of decompression may be approximated by 
isothermal conditions as heat is supplied from the host rocks, however, with continued 
decompression the process becomes increasingly adiabatic as the supply of excess heat is 
depleted. At any given time during the early stages of decompression (ie while the 
surrounding rocks are still warm) the system will cool from the core outwards so that 
conditions in the peripheral parts of the system will tend to be more isothermal while 
conditions in the core of the system will tend to be more adiabatic. Thus there is both a 
temporal and a spatial tendency for the system to evolve from isothermal processes 
progressively toward adiabatic processes. The large range in Th from both A and D vein 
quartz is a consequence of the progressively adiabatic nature of the decompression. 
It is suggested that, as a result of the same seismic activity, deeper sourced fresh oxidized 
magmatic fluid, quickly achieved similar levels within the RFZ and mixed with the 
reduced pregnant ore fluid. Mixing of these two fluids, along the Roamane Fault and at 
the intersection of stage I and II structures, resulted in oxidation of the reduced ore fluid 
and precipitation of the gold rich quartz roscoelite layers of the zone VII. Deposition by 
this mechanism (rather than reduction) is supported at Porgera by the replacement of 
pyrite by native gold (Figure P-17). 
At Porgera early stage I pyrite has a (J34S of 0 to 5 per mil, while late stage II pyrite has 
a34S of -12 to -18 per mil (Richards and Kerrich, 1993; and SHRIMP data this study), 
indicating reducing conditions during stage I and oxidizing conditions durillg stage II. In 
addition, the later stage II pyrite at Porgera contains extremely high Au and As values of 
up to a maximum of 0.9 wt% Au and 7.7 wt% As compared with below detection 
(EMP) Au and less than 1.5 wt % As in stage I sulphide. 
At depth within zone VII (ie the underground mine) fluid focussing and mixing was very 
efficient leading to the high grade bonanza style mineralization of zone VII. However, as 
these fluids mixed and ascended along the Roamane Fault and related hanging wall 
splays, the zone of mixing and fluid focussing became broader and more diffuse. These 
differences resulted in the volumetrically larger but lower grade crackle breccia ore body. 
As in Zone VII, the best gold grades are developed where the stage II veins and breccias 
crosscut earlier stage I base metal veins. 
The possibility that overlying meteoric water was the source of oxidant is considered 
unlikely in the context of a decompressing system where fluid flow would be up and out 
of the system through a breach in the seal. Ultimately, at the end of decompression, the 
system will collapse and meteoric water would be free to infiltrate the system; however, 
these conditions are unlikely to produce the dynamic fluid focussing that is required to 
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produce a giant ore deposit. 
The concept of remobilization of early gold is not new at Porgera and has been mentioned 
by Fleming et al. (1986), Handley and Bradshaw (1986) and Richards and Kerrich 
(1993), however, the present study underlines the importance of remobilization as the 
cause of high grade gold mineralization and attempts to define the physical and chemical 
framework within which reconcentration occurs. 
The chemical evolution of the decompressing system is driven by phase separation which 
fractionates C02 and H1S to the gas phase. Drummond and Ohmoto (1986) model 
boiling and emphasize its potential to deposit both base metal sulphides and gold. They 
note that the initial chemical conditions in terms of pH and C02 concentration, under 
which boiling leads to sulphide deposition, are quite narrow. Drummond (1981) showed 
that pyrite may become undersaturated after only 5 % boiling (Drummond's, Figure 4-21 
for open isothermal boiling at 250°C). In Drummond's (1981) modelling, pyrite and 
sphalerite are both deposited initially but are followed by dissolution of pyrite and 
eventually sphalerite as, with progressive boiling, the loss of H1S tends to dominate other 
chemical effects. At Porgera the deposition of base metal sulphide and gold during stage 
I can be understood in terms of small amounts of boiling (i.e - 5-10%) as modelled by 
Drummond (1981) and Drummond and Ohmoto (1986). 
At Porgera it is suggested that dissolution of stage I sulphide, tended to buffer the amount 
of H1S and thus promote gold dissolution even under conditions of open system boiling. 
Gold concentrations of several grams/tonne in early stage I sulphide (up to 20 
grams/tonne in A vein sulphide) coupled with paragenetic evidence for large scale 
sulphide dissolution, argues for the remobilization of a significant quantity of gold from 
previously A vein sulphide. Thus , decompression during stage II accounts for the 
dissolution of sulphide, the precipitation of quartz and carbonate, as well as the 
remobilization of a large quantity of the gold associated with stage I sulphides. 
Neither Drummond (1981) nor Drummond and Ohmoto (1985) allowed their models the 
possibility of redissolving sulphide. Thus in light of the widespread evidence for 
sulphide dissolution during stage II at Porgera, boiling was remodelled so that the effects 
of both mineral deposition and dissolution were felt by the fluid. The details of the 
modelling are described in chapter six. Results show that while small amounts of boiling 
may deposit base metal sulphides and gold, large amounts of open boiling (ie > 10% ), 
coupled with water rock interaction, may cause the simultaneous dissolution of both 
sulphide and gold. Normally boiling would lead to H1S loss and gold deposition 
however under conditions of pyrite saturation, indeed at Porgera sulphide dissolution, 
) 
l 
( 
Regional-Deposit Scale Synthesis Page 110 
H2S is controlled by pyrite saturation and not by H1S loss. This buffering of H2S 
concentration by the constraint of pyrite saturation means that gold solubility is a function 
of pH for the simple reason that H1S is a function of pH (note gold solubility is a 
function of the square of H2S concentration). These constraints lead to different 
conclusions from those that would be gained from considering gold solubility as 
contoured on P02 versus pH diagrams. 
Having suggested that the stage II gold mineralization has been remobilized from earlier 
auriferous base metal sulphide mineralization it is interesting to calculate how much early 
sulphide would be required to account for the high grade gold mineralization at Porgera. 
If for example pure stage I (AIB vein) sulphide is assumed to contain an average of about 
10 g Au/tonne and has an average density of about 5.4 glee (0.5py:0.25gl:0.25sph), then 
5 million ounces of Au would be contained in a cube of sulphide - 140 m on a side, or -
l/360th of a cubic kilometer. Assuming only 112 of the original sulphide is dissolved 
requires - 1/230th of a cubic kilometer. Thus if the initial (averaged) concentration of 
stage I sulphide in the host rock was only 1 % by volume then just under 1/2 of a cubic 
kilometer could yield 5 million ounces of Au. 
Findlayson and Rogerson (1987) observed that bedded pyrite horizons are scattered 
throughout the Mesozoic shale sequence and characterized typical massive pyrite as 
containing 0.1 % arsenic, 25 ppm antimony, 5 ppm mercury and 20 ppb gold with no 
base metal enrichment. Rogerson and McKee inferred the existence of a metal bearing 
sedimentary reservoir within the thick Mesozoic shale sequences and suggested that these 
may have been available for remobilization to form economic As-Sb-Au deposits. 
In chapter five it was shown that altered sediments have lost both Pb and Zn relative to 
their black shale precursor. This observation suggests that even some of the stage I base 
metal mineralization may have been derived from the host sediments - indeed the Pb 
isotope data of Richards et al. (1991) support this concept. The prospect of two 
progressive remobilization processes is interesting; that is, an early pre-stage I to stage I 
prograde remobilization of sediment sourced metal into the stage I AIB mineralization, 
followed by a stage II decompression induced retrograde remobilization. 
One of the most important aspects of the decompressive model is its ability to focus large 
quantities of fluid. Thus given the potential of the process for remobilization, one has a 
general mechanism capable of leaching gold from a large quantity of rock. While this 
model has been developed to account for high grade gold mineralization at Porgera the 
general nature of decompressive remobilization may find useful application elsewhere. 
As an example of the models general applicability, the gold deposits of the Carlin district 
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are considered. 
1O.3 A Regional/Deposit Scale Comparison with Carlin Deposits 
At first glance Porgera and Carlin type gold deposits appear to have little in common. At 
Porgera gold is hosted in bonanza quartz veins, whereas at Carlin lower grade 
disseminated and stockwork mineralization exhibits a strong stratigraphic as well as 
structural control. However, despite their differences, the two deposits show a 
remarkable number of similarities at both the regional and deposit scales which suggest 
some common elements in their histories; the following comparison attempts to draw out 
these elements. 
This sections describes the general geology of gold deposits in the Carlin district of north 
central Nevada with special emphasis on the Carlin deposit which is the type locality for 
this style of sediment hosted disseminated gold mineralization. The Carlin trend is 
actually defined by the alignment of several sediment hosted disseminated gold deposits, 
which occur within a northwest striking zone of erosional windows (Figure RS-3a). 
From northwest to southeast along the Carlin trend these are, the Bootstrap, Lynn, Carlin 
and Rain windows (Christensen, 1993). At the end of 1995, deposits _along the Carlin 
Trend had produced over 25 million ounces of gold, and had a total resource of over 67 
million ounces (Nevada Bureau of Mines). 
In the following discussion information concerning the Carlin gold deposit, as well as 
other Nevadian sediment hosted gold deposits, is based on published information of 
Arehart (1993a b, 1996), Arehart et al. (1992, 1993), Christensen (1993, 1995), Doyle-
Kunkel (1993), Fleet and Mumin (1997), Hofstra et al. (1991), Ilchik (1990), Kuehn and 
Rose (1992 and 1995), Myers (1993), Paul et al. (1993), Radtke et al. (1980, 1995), 
Thorenson (1993) and Rota (1993). 
10.3.1 Summary of Carlin District Regional Architecture 
In the early Paleozoic, eastern Nevada was located along the western margin of the North 
American craton with sedimentation occurring along the continental shelf. This westward 
thickening wedge of shelf carbonates gave way in northwestern Nevada to transitional 
continental slope type sedimentation. Further northwest sedimentation was characterized 
by deposition of deeper water basinal siliciclastic units. During the Late Devonian to 
Early Mississippian Antler Orogeny, distal basinal sediments in the northwest, were 
thrust 75 to 200 km eastward over the continental shelf sequence (Peters, 1997) along 
the low angle Roberts Mountains Thrust system. 
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The windows (or fensters) are the manifestation of northwest striking (N35°W) 
Tuscarora antiform (Christensen, 1993), in which autocthonous lower plate Ordovician to 
Devonian silty carbonate sediments, are exposed through erosional windows in 
allocthonous upper plate Ordovician siliciclastic sediments. Gold deposits along the 
Carlin trend show a close spatial relationship to this boundary with most deposits hosted 
in silty limestone in the uppermost strata of the lower plate (Roberts, 1960). Bonham 
( 1988) describes Carlin-type deposits as occurring along regional breaks similar to 
Archean greenstone hosted gold deposits. Both Porgera and Carlin deposits show a 
relationship to deep seated regional scale crustal structures (Porgera transfer versus Carlin 
Trend) and both are hosted in calcareous sediments below a regionally extensive pressure 
seal. At Porgera the regional structures appear to be reactivated transfers. Figure RS-3 
compares the Carlin district with the PNG highlands emphasizing the relationship of gold 
deposits to major tectono-stratigraphic boundaries. On the basis of Pb isotopes and 
gravity data, Tosdal ( 1997) suggests that both the Carlin and the subparallel Battle 
Mountain-Eureka trends are reactivated normal faults which originally formed during late 
Proterozoic rifting of the western margin of North America. Figure RS-4 shows the 
basic geology at the Carlin deposit where gold mineralization is developed along steep 
faults as well as along stratigraphic horizons in silty limestone of the Roberts Mountains 
Fm. 
According to Radtke et al. (1980), " .. . all Paleozoic units in the (Carlin) area except the 
Eureka Quartzite contain diagenetic pyrite and organic material..." In the upper 245 m of 
the Roberts Mountain Formation (which is hosts to ore at Carlin), Radtke et al. (1980) 
describe two types of interbedded carbonate rocks; one a thin bedded arenaceous 
limestone (peloid wackstone) and the other a strongly laminated limey mudstone. The 
limey mudstone is the most favourable host lithology which even unaltered contains 0.5 
to 1 % pyrite, 0.3 to 0.8 wt % organic carbon and numerous accessories including 
tourmaline, rutile, magnetite, haematite, chalcopyrite, galena, and sphalerite. A 
composite analyses (of six unaltered samples) returned 60 ppb Au (Radtke et al., 1980). 
They interpret a hydrothermal origin for finely disseminated framboidal pyrite which is 
observed only in mineralized rock and may be coated with gold. 
10.3.2 Age of Carlin Type Mineralization and Relationship to Magmatic Activity 
The question of age and the role of igneous rocks in the genesis of Carlin type deposits 
has been long debated. While many Carlin type deposits have no spatial association with 
intrusions, others such as Getchell, Golden Acres, Bald Mountain, Golds~rike, and 
Genesis/Bluestar are spatially related to intrusive centers. At the Post deposit Arehart et 
al. ( 1993) has dated hydrothermal sericite associated with gold mineralization at 117 Ma 
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(Kl Ar, 40 Ar/39 Ar) which is significantly younger than the 158 Ma Goldstrike stock in 
which some of the mineralization is hosted. The 117 Ma date is similar to the 109 Ma 
date for the Welches Canyon stock which is only 20 km south of Post Betze and is 
considered part of a much larger buried pluton (Arehart et al., 1993). Kuehn and Rose 
(1995) infer that this buried pluton may have been a heat source for fluid circulation at 
Carlin. Thorman et al. (1994) suggest that many of the deposits are spatially and 
temporally related to an Eocene-Oligocene (34-42 Ma) period of calc-alkalic plutonism 
which affected north-central Nevada. Recent discovery of the Mike Cu-Au deposit (along 
the Carlin trend) in the contact aureole of a strongly altered porphyry would seem to 
strengthen the magmatists argument (Christensen, 1995). Nevertheless, Ilchik and 
Barton (1997)_ have recently proposed an amagmatic origin for Carlin type gold deposits. 
10.3.3 Veining and Mineralization Styles 
The range in mineralization styles among different Carlin district gold deposits (compare 
Carlin with Gold Quarry) suggests varying amounts of structural versus stratigraphic 
control. At Carlin mineralization is typically hosted by small discontinuous veinlets 0.5 
to 5 mm thick (Kuehn and Rose, 1992) and as fine disseminations. The paragenesis of 
the Carlin deposit has been described by Kuehn and Rose ( 1992 and 1995) and is 
summarized in Table RS-1. 
At Carlin, Kuehn and Rose ( 1992) describe an early hydrocarbon stage which is much 
earlier than gold mineralization and therefore, will not be discussed further since the peak 
thermal maturation of host sediments was during the Mesozoic. The early barite +/-base 
metal stage at Carlin consists of massive steeply dipping barite veins up to 3 m thick 
which typically contain small elongate blebs of sphalerite and galena, however, Radtke 
( 1985) describes 11 ••• the generally random scattering of base metal sulphides throughout 
both mineralized and unmineralized areas in the deposit. 11 Fluid inclusions in sphalerite 
homogenize between 266 and 308°C, whereas those in barite homogenize between 192 
and 342°C (Radtke, 1985). Salinity determinations made on inclusions from both 
minerals range from 9.7 to 16 wt% NaCl equiv (Radtke, 1985; Kuehn and Rose, 1995). 
This early mineralization can be tentatively compared to the stage I base metal sulphide 
veins at Porgera, however, it should be noted that the early base metal sulphides 
(sphalerite and galena) at Carlin are much less developed than at Porgera, and 
furthermore, are associated with abundant hydrothermal barite (there is no barite with 
early base metal sulphides at Porgera) . 
Kuehn and Rose ( 1995) also describe rare pyrobitumen veinlets (these are still pre - Main 
Stage) which cut early barite +/- base metal stage mineralization and represent the last 
Table RS-1 - Carlin Paragenesis (after Kuehn and Rose, 1992 and 1995) 
Stage Vein and Fluid Characteristics 
Early Hydrocarbon Stage -hydrocarbons emplaced in Mesozoic, unrelated to later Au minz 
-high density CH4 with C02 and H2S; > 16 wt% NaCl equiv 
Early Barite +/- Base Metal Stage -sheared grey barite veins with minor galena+/- spahlerite 
-base metal sulphide replaced by As +/- Sb rich base metal sulphosalts 
-local pyrobitumen veinlets cut early barite (rare), last evidence 
of carbon mobility 
-Thsph = 266-308°C (ave 290); Thbar = 192-342°C (Radtke, 1985) 
-9.7 to 16. wt% NaCl equiv 
Strongly Altered lntermedeate Premineralization Dykes (which cut carbon zones) 
Main Au Ore Stage -both .C02 rich and C02 poor inclusions hosted in jasperoid breccias, 
quartz veins and vein stockwork - immiscible H20-C02 fluid 
-large scale carbonate removal and silicification 
-3 wt NaCl equiv; Th range from 130 to 280°C; Radtke (1985) reports 
Th's up to and >350°C for V rich inclusions in quartz 
Late Au Ore Stage -calcite veinlets, calcite-realgar veins and calcite +/- Fe dolomite veins 
-barite, calcite, quartz in vugs in jasperoid; massive barite mn stibnite 
-< 1.5 wt% NaCl equiv; Th range from> 150 to 220°C; gas poor 
Late Oxidation Stage -open space and vuggy; travertine, hyaline opal and sulphur 
-Fe-oxide along fractures; peach coloured calcite, 
-oxidation of pyrite and removal of carbon 
-Th 40 to 140°C, oxidation due to deep weathering 
\ 
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evidence of carbon mobility. The presence of intensely altered intermediate dykes, which 
postdate early barite +/- base metal stage (and carbon zones), but predate gold 
mineralization, is a reasonably good indication of both temporally and spatially related 
magmatic activity. 
The main gold ore stage at Carlin consists of stockwork quartz veinlets, jasperoid 
breccias and disseminations in siltstone, which are both structurally and stratigraphically 
controlled. Gold mineralization occurs as micron to sub-micron size gold particles 
associated with quartz, pyrite and clay in siltstone (Hausen, 1967; cited in Christensen, 
1993). Kuehn and Rose (1993) describe a late gold ore stage consisting of calcite+/-
realgar +/- Fe dolomite as well as vuggy barite, calcite and quartz in jasperoid. The main 
gold ore stage at Carlin can be compared to stage II gold mineralization at Porgera. A 
common feature to both deposits is the variable gas content of fluids associated with the 
main gold mineralization event (stage II at Porgera). At both deposits C02 rich fluids 
evolve to C02 poor fluids within a relatively narrow paragenetic interval which is thought 
to represent a period of decompression. At Porgera C02 contents are estimated at - 2 
molal, whereas at Carlin Kuehn and Rose (1995) estimate a range of 5 to 10 mole % C02 
(ie - 3 to 6 molal). In addition, both deposits exhibit a large range of homogenization 
temperatures from quartz associated with the same paragenetic interval. Homogenization 
temperatures at Porgera range from 150 to 350°C (Richards and Kerrich, 1993, and 
confirmed in this study) and at Carlin Th ranges from 150 to 300°C (Radtke, 1985, 
Kuehn and Rose, 1992); at both deposits this large temperature drop is explained by 
adiabatic decompression. Given the dynamic nature of these systems, the range in 
homogenization temperature will provide considerably more information than their 
average or modal values. At Porgera the salinity of fluids associated with gold 
mineralization ranges from 4 to 10 wt% NaCl equiv and at Carlin, Radtke et al. (1980) 
report salinities ranging from about 4 to 13 wt % NaCl equivl (at both deposits these 
salinities are from quartz hosted fluid inclusions). In general both the C02 and salinity 
decrease toward the later stages of the paragenesis. 
10.3.4 Decalcification Versus Calcite Deposition 
In general hydrothermal alteration at Carlin type deposits follows both bedding and 
structure and consists of decalcification, silicification (including the formation of 
jasperoid), kaolinitization and hypogene oxidation (ie barite-alunite at Alligator Ridge, 
Ilchik, 1990; and hypogene oxidation at Carlin, Radtke, 1985). Decalcification is more 
distally developed than either silicification or kaolinitization. According to Radtke (1985) 
1 Kuehn and Rose (1995) report a lower and narrower range of salinity of -3 wt % NaCl equiv ( +/- 1 wt 
% ) for main Au ore stage and < 1.5 wt % equiv for late Au ore stage. 
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fluids during the main hydrothermal stage at Carlin introduced Si02, K10 and Al203, and 
removed CaO and C02. At Porgera a similar alteration, including a weak decalcification, 
is recorded in the altered sediments where fluids introduced K10 and removed Na20, 
Cao andC02. 
At Carlin, Kuehn and Rose (1992, 1995) suggest that decalcification is part of the main 
gold ore Stage, however, at Porgera decalcification is clearly earlier than gold 
mineralization. At the Tusc deposit (Carlin district) Doyle-Kunkel (1993) describe 
extensive decalcification which preceded gold mineralization and similarly at Blue Star 
Drews~Armitage et al. (1996) describe early pre-Au decalcification. In other Carlin 
distri~t deposits such as, Gold Quarry, Rota and Hausen (1991) describe decalcification 
as the f frst wall rock alteration; and at Poste/Betze Arehart et al. (1993) describe 
. .. : 
decalcification as the earliest alteration followed by silicification and argillization. 
While boiling/throttling is often considered to be responsible for carbonated deposition 
(Ellis, 1959, 1963; Arnorsson, 1978), the widespread dissolution of carbonate seems 
more difficult to explain - especially in the early stages of decompression where C02 loss 
is most dramatic. Given these constraints coupled with the above observations at other 
deposits, it would appear more likely that the onset of decompression at Carlin was 
accompanied by calcite deposition as is recorded in the well developed calcite veining of 
the hanging wall2. At Carlin Kuehn and Rose (1992), note that calcite veinlets are locally 
observed crosscutting decalcified and altered rocks. Thus if one accepts that calcite 
veining was an immediate response to decompression (as seems reasonable) then it can be 
argued that decalcification must predate decompression and gold mineralization and is 
perhaps more closely related to the barite +/-base metal stage. 
10.3.5 Hypogene Oxidation ? 
Kuehn and Rose ( 1995) interpret all oxidized ore at Carlin to be the result of supergene 
weathering. However, Radtke (1985) describes a late hypogene component of acid 
leaching and oxidation at Carlin, which he suggests may temporally overlap main stage 
gold mineralization. At the Vantage deposit (Alligator Ridge-Bald Mountain district), 
Ilchik (1990) describes stratiform lenses of " .. . an early (hypogene) oxidation event (that) 
destroyed pyrite, organic matter, and illite in the Pilot Shale and produced alunite +/-
barite veins." According to Ilchik, "The origin of this oxidation is equivocal, but it is 
thought to be related to the late stages of hydrothermal activity." Ilchik also recognizes a 
late supergene oxidation due to weathering. At the Genesis deposit (Carlin district) Paul 
2 As far as the author is aware this conclusion does not conflict with any actual textural observations 
, made by Kuehn and Rose (1992). 
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et al. (1993) describe both a supergene as well as a possible hypogene oxidation which 
they describe as being, " ... controlled by faults joints, and bedding planes." At Gold 
Quarry supergene oxidation is noted but Romberger (1991; cited in Rota, 1993) also 
describes extensive deposits of hematite as evidence for hydrothermal oxidation, and Rota 
( 1993) mentions alteration effects in drill core to depths of> 465m. 
On the basis of K/Ar age, sulfur, oxygen and hydrogen isotopes Arehart et al. (1992) 
suggest a supergene origin for al unite at Post, Gold Quarry, Rain and Vantage. Ilchik, 
(1990) also reports haematite as part of the 'hypogene' oxidized assemblage which is 
difficult to explain by through supergene weathering. Arehart points out that the ()34S 
values of alunites from Carlin deposits are similar to the values for primary sulphides (ie 
4 to f4 per mil) but quite different to the values for coexisting barite (21 to 35 per mil). 
He interprets these alunites to result from non-equilibrium supergene oxidation of primary 
sulphide. However, an alternative interpretation is that the alunites are magmatic steam 
alunites as described by Rye (1993) at Alunite Ridge, Utah and at Red Mountain, 
Colorado; such alunites would have the same ()34S values as the bulk sulphur. At Red 
Mountain the ()34S of alunite ranges from - -3 to 25 per mil (Rye, 1993). Rye interprets 
these alunites to have formed from a single fluid which has undergone significant 
pressure variations as well as different ascent rates. According to Rye at Red Mountain, 
the earlier high ()34S alunites are magmatic hydrothermal and result from 
disproportionation of S02 in a condensed magmatic vapour - these alunites coexist with 
pyrite and have equilibrium a34S values. The later low ()34S alunites are magmatic steam 
alunites which " ... formed during the expansion of a rapidly ascending S02-rich magmatic 
vapour fluids ... " - these alunites are characterized by disequilibrium ()34S values equal to 
the bulk sulphur. A similar explanation can be invoked at Vantage to explain isotopically 
heavy barite overgrown by fine grained light alunite; that is an early magmatic 
hydrothermal barite (pre-decompression) followed by later magmatic steam alunite (syn-
decompression). 
10.3.6 A Tale of Two Pyrites 
Another parallel between Porgera and Carlin is the occurrence of two distinct types of 
pyrite. In a study of five SHGD's, Arehart et al. (1993) state "Gold is present in arsenian 
pyrite that forms overgrowth rims on, and narrow veinlets in, gold-free pyrite (and 
possibly other minerals, but only to a minor extent)." At the Deep Star deposit (Carlin 
district) Fleet and Mumin (1997) report up to 0.37 wt % Au in the arsenical rims of pyrite 
grains. At Porgera stage II pyrite, which rims early stage I pyrite, contains up to a 
maximum of 0.9 wt% Au and 7.7 wt% As. 
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At Post/Betze Arehart et al. (1993) report sulphur isotope analyses (ion microprobe) from 
pyrite ranging from -29 to 23 per mil. Late stage pyrite is depleted in Cl34S ( -12 to -29 per 
mil) relative to early pyrite (16 to 23 per mil). Arehart et al.'s (1993) backscattered 
electron images clearly show an early Au · and As poor pyrite overgrown by a later 
texturally distinct Au and As rich pyrite. The decrease in Cl34S may occur at this textural 
boundary (as in their Figure 8) or it may occur after the boundary within even later pyrite. 
Arehart et al. (1993) provide two explanations for their data: 1.) that the low Cl34S values 
are due to oxidation possibly due to fluid mixing, or alternatively, 2.) that they were due 
to a completely separate hydrothermal event (with unique isotopic signature). The author 
favours the fluid mixing/oxidation interpretation and suggests that at least some of the 
a34S ".ariations within the overgrowth pyrite may be due to periodic disequilibrium in a 
thrott.finghydrothermal fluid. 
At Porgera textural paragenetic evidence for remobilization is excellent, however, at 
Carlin, evidence for remobilization may be more subtle. Nevertheless references to 
remobilization in Carlin type deposits are not uncommon. For example, at Carlin Radtke 
(1985) describes base metal sulphides that are rimmed and/or replaced by As +/- Sb 
sulphosalts, and Sha (1993) suggests that early syngenetic gold mineralization was 
subsequently remobilized to form the gold deposit at Gold Quarry. At the Vantage 
deposit, Ilchik (1990) describes the destruction of early pyrite and remobilization of 
metals which he relates to a later period of alteration. 
In view of the large number of similarities between Porgera and Carlin type deposits, it is 
interesting to attempt to explain the genesis of Carlin type deposits using a model similar 
to that proposed for Porgera. The model emphasizes the dynamic and evolving nature of 
interaction between the fluids, the rocks and the structure. 
10. 4 Proposed Evolution of The Carlin Hydrothermal System 
As applied to Carlin the model begins with an early oxidizing, moderately acidic 
hydrothermal fluid which rises through the Paleozoic sediments along steeply dipping 
structures. Eventually at the level of the Robert's Mountain Thrust (upper plate-lower 
plate boundary) the fluid encounters an impermeable barrier which prohibits further 
ascent thus the fluid begins to exploit the more permeable sedimentary horizons aided by 
carbonate dissolution (Figure RS-Sa). This early fluid is responsible for decalcification, 
silicification and argillic alteration, as well as the early barite +/- base metal mineralization 
which are characteristic of Carlin. As fluid moves out along specific stratigraphic 
horizons it also infiltrates the overlying and underlying sediments. Eventually as fluid 
moves further into the Sydiment, away from the main flow paths, it will pass through its 
I 
Carlin Stage I - Pre Rupture 
Pressure builds approaching 
lithostatic or becomes 
overpressured 
9> Oxidized Fluid 
__.. Reduced Fluid 
High PC02 acid fluid dissolves calcite 
and decalcification front advances 
Host rocks consist of silty 
limestones to limey siltstones 
and mudstones 
~ Fresh oxidizing S02-C02 rich 
fluid moves up steep faults 
Carlin Stage 11 - Decompression/Fluid Mixing 
Decompression causes abundant 
small tensile fractures as fluid is 
now overpressured with respect to 
hydrostatic. These are filled with 
calcite as C0 2 is lost to vapour. 
~ Hybrid Mixed Fluid 
xxx Gold mineralization 
in zone of most 
a 
Decalcification 
Silicification and 
argillic alteration 
Jasperoid 
~ efficient fluid mixing 
b 
Figure RS-5. Schematic diagram showing proposed evolution of a 
Carlin type system. a.) Carlin system immediately before rupture 
- this would be equivalent to stage I at Porgera. b.) Carlin system 
after rupture - equivalent to stage II at Porgera. 
\ 
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own alteration front as it becomes progressively more buffered by the carbonaceous and 
calcareous sediments. This configuration is shown in Figure Sa; notice that the while the 
more permeable horizons will be dominated relatively fresher (less buffered) more acidic 
more oxidizing fluids, the sediments immediately above and below will be dominated by 
rock buffered, reduced carbonate saturated fluid. Much of the early sulphide deposition 
may actually result from increasing pH associated with carbonate dissolution (assuming 
chloride complexing of base metals). Given the relatively high salinity of this early fluid 
(Radtke, 198S; Kuehn and Rose, 199S), barite solubility will be prograde and thus barite 
deposition may occur through simple cooling. 
As shownin Figure RS-Sa there are two contrasting reservoirs of fluid in relatively close 
proxi.rnity; .that is, a relatively acidic and oxidizing fluid along the main conduits (steep 
structutes :·and more permeable stratigraphic layers) and a rock buffered reduced fluid in 
the surrounding less altered sediments. If pressures were not lithostatic to begin with, 
they will eventually become so as fluid circulates below the pressure seal (as shown in 
Figure EP-11, pressure equilibration will eventually result in super-lithostatic pressure 
below the seal). This situation leads to the eventual fault rupture and breaching of the seal 
which triggers the subsequent decompression of the early hydrothermal system. 
Figure RS-5b shows the hydrothermal system during decompression. Immediately after 
rupture the carbonate saturated reduced fluids begin redissolving previously deposited 
base metal sulphide and gold. As explained above at Porgera (and in more detail in 
chapter 6), dissolution of base metal sulphide and gold are a direct consequence of> 10 
% boiling/throttling coupled with water rock interaction. As decompression continues 
this reduced rock buffered pregnant fluid flows back into the more permeable stratiform 
horizons and mixes with the more oxidized fluid. Mixing of these two fluids causes 
precipitation of most of the dissolved gold and some sulphide (Figure EP-10 shows the 
equivalent scenario as proposed for Porgera). Gold deposition is due to oxidation of the 
Au(HS)i- complex as shown in Figure EP-9b. As decompression proceeds the mixing 
zone continues to be fed with reduced pregnant fluid sourced from the surrounding host 
rocks and fresher oxidized acidic fluid derived from depth. 
This model proposes that much of the economic gold mineralization at Carlin may be due 
to the remobilization of early disseminated auriferous base metal sulphide mineralization, 
and its subsequent redeposition due to oxidation in zones of fluid mixing located along 
the more permeable stratigraphic horizons as well as along steep structures. This early 
auriferous sulphide mineralization is at least partly hydrothermal in origin although a 
syngenetic origin of some sulphide is quite possible. 
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10. 5 Discussion 
At Carlin, Kuehn and Rose (1995) proposed a broadly similar model for decompression 
induced fluid mixing. However, in their model they place the zone of fluid mixing and 
gold mineralization above the pressure seal rather than below it. In the model proposed 
here the seal is placed above the orebody. The main reason for this is geological, that is 
the transitional area between the upper and lower plates (ie the Robert' Mountains Thrust) 
at Carlin is considered the most likely place to find a seal within the stratigraphic section 
(thrusting and shearing along this zone may actually contribute to the formation of an 
aquitar~). Furthermore, if the seal is below the orebodies, as suggested by Kuehn and 
Rose (1995), then what is the significance of the RMT and why are ore deposits so 
close.fyj :eiate'd to it (a coincidence is possible). Another argument runs as follows: Carlin 
recor-ds a long hydrothermal history which, as suggested by Kuehn and Rose (and agreed 
with here), was accompanied by the initiation of decompression (rupture of the seal) 
which breaks the paragenesis into pre-, syn- and post-decompressive phases. If the 
important aquitard is indeed below the orebody, then how is it that the early pre-
decompressive phases can occur above the seal (syn and post-decompressive phases of 
mineralization above the seal are not a problem)? 
The model proposed here can account for most of the observed features of both Porgera 
and Carlin type mineralization. Furthermore, it provides a simple explanation for some 
unexplained observations at Carlin. One such observation is the occurrence of calcite 
veins dominantly in the hanging wall rather than the footwall (Figure RS-5b ). This can 
be explained by referring back to the pressure depth profile in Figure EP-11; note that the 
highest pressures above lithostatic will be achieved immediately beneath the seal, and that 
with increasing depth equilibrium pressures will drop to below lithostatic. This situation 
ensures that when rupture does occur, it is only the upper parts of the system that will 
have the energy required to induce tensile failure, thus explaining the presence of calcite 
veining only in the shallower parts of the system. 
According to Kuehn and Rose (1992), the best gold mineralization is not formed in the 
most intensely silicified jasperoid zones, but is adjacent to them. In the stratiform 
mineralization the best ore is located just above the zone of intense silicification. These 
spatial relationships can be explained in terms of fluid mixing. As mentioned above, the 
highest fluid pressure will be achieved in the hanging wall rather that the footwall. This 
means that during decompression a much greater volume of reduced ore bearing fluid will 
be derived from the hanging wall rather than the footwall. This asymmetry in the source 
of reduced fluid means that the zone of most efficient fluid mixing and hence gold 
mineralization is displaced a small vertical distance above the zone of most intense 
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alteration. 
Apart frorri the obvious requirements (heat source, structure etc.) this model is dependent 
upon the _presence of a stratiform impermeable barrier. The carbonate rich nature of the 
sediments_ may also play a role in helping to generate high PC02 in the fluid (carbonated 
dissolution also enhances permeability). Some of the differences between Carlin and 
Porgera may be attributed to variations in plumbing style. Porgera has a well developed 
fracture network developed in both the intrusions and the surrounding brittle altered 
sediments. Carlin, on the other hand, has much less readily accessible structural 
permeability, which may account for the stratiform nature of much of the Carlin 
mineralization. Another difference between the Porgera and Carlin versions of the model, 
is th~'.fosation of the oxidized fluid reservoir during early stages of system evolution. At 
Porg~ra ·the oxidized fluid remains at depth, whereas at Carlin both the reduced and 
oxidized fluids reside in close proximity at shallow levels. These differences reflect the 
nature of the fluid flow path during early evolution of the hydrothermal system. It is 
interesting to speculate that, if Porgera did not have such good ground preparation (due 
mainly to the presence of PIC and formation of brittle altered sediments), but instead had 
well bedded limey sediments, that Porgera might actually have formed in a style more 
characteristic of SHGD's. 
At Carlin, this model may be tested by careful examination of the relationship between 
sulphide minerals and the early gangue phases (quartz and carbonate). In the past many 
such studies have been frustrated by the finely disseminated/thin stockwork nature of 
much of the Carlin type mineralization. The current model provides a mechanism for the 
remobilization of large quantities of gold from within the sedimentary sequence and 
subsequent reconcentration into discrete stratiform and structural features. This may 
encourage those who wish to derive the gold in Carlin type deposits from the sedimentary 
sequence (ie Sha, 1993, and Titley, 1991); however, one cannot rule out the possibility 
that a significant quantity of the gold was related to an early hypogene mineralization as 
was the case at Porgera and has been suggested by Sillitoe ( 1990) for other sediment 
hosted gold deposits3 . 
3 In a study of three SHGD's in the Guizhou Province of China, Ashley et al. (1991) note that host 
sediments have undergone base metal depletion during hydrothermal alteration. 
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11 Conclusions 
In chapters 6 and 10, geology and geochemistry were integrated into a model for the 
development of high grade gold mineralization at Porgera. An extension of the model 
was then applied to the formation of sediment hosted gold deposits with special emphasis 
on gold mineralization in the Carlin District. In this section the main conclusions of the 
study are reviewed and an attempt is made to summarize what the author considers to be 
the most important exploration criterion for deposits of this type. 
It is proposed that the Porgera hydrothermal system evolved initially during its early 
stages .within the Pb-Zn rich, distal reaches of a porphyry hydrothermal system. One of 
the n)'Os{important factors was the position of the early hydrothermal system beneath a 
regional.extensive tectono-stratigraphic boundary - the Chim Formation/Darai Limestone 
contact ·~ which served as a regional pressure seal. The carbonate rich shale host rocks 
ensured that the fluid maintained high partial pressures of C02. Small amounts of 
passive boiling, accompanied by the loss of C02 and HzS, lead to saturation with base 
metals and gold, which were most likely complexed as chloride and sulphide 
respectively. 
Rupture of the Roamane fault resulted in large scale decompression, which prematurely 
ended the stage I hydrothermal system. Fluid that originally deposited base metal 
sulphide and gold in the early veins, immediately began dissolving both, and 
simultaneously deposited quartz and carbonate as the fluid flowed into low pressure 
zones along the Roamane Fault. Here, the same fluid further decompressed and 
continued to deposit barren quartz and lesser carbonate. Decompression also permitted 
deeper sourced, fresh, oxidized magmatic fluid to quickly achieve similar levels within 
the Roamane Fault and mix with the reduced pregnant ore fluid. Mixing of these two 
fluids at the intersection of stage I and stage II structures resulted in the oxidation of the 
reduced gold bearing fluid and precipitation of the high grade gold rich quartz-roscoelite 
layers. That gold was carried in the reduced (rather than oxidized) fluid is evidence by 
the replacement of pyrite by gold within the assemblage quartz-roscoelite-pyrite-barite. 
The above model emphasizes the operation of a process which the author calls 
decompressive remobilization. The process has been modelled in chapter six where it 
was shown that systems undergoing large amounts of rock buffered boiling are capable 
of dissolving significant quantities of sulphide and gold. The key to gold dissolution lies 
in the ability of sulphide to buffer the H1S content of the boiling solution. Buffering of 
H1S by pyrite saturation means that gold solubility is a function of pH, for the simple 
reason that H1S concentration is a function of pH (gold solubility is a function of the 
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square of H2S concentration). This constraint leads to quite different conclusions than 
would be gained from considering gold solubility simply as a function of P02 and pH (eg 
Figures EP-9a and b, drawn for constant I,S). 
Another requirement of this model is that the early hydrothermal system achieve high 
initial fluid pressures thus highlighting the importance of volatile components. It is 
interesting to speculate upon the role that host rock composition may play in achieving 
this end. In Figure FI-5 both molality of C02 and logfC02 are plotted against pH for a 
carbonate saturated fluid at 280°C. The muscovite-kaolinite reaction falls at about 3.75 
(activity K - 0.1) at this temperature. This plot illustrates that very high PC02 can be 
achieved in fluids in equilibrium with kaolinite and calcite. Given the logarithmic 
incre~sejn fC02 with decreasing pH, it is not surprising that such fluids should evolve 
to a s~ate where Pf exceeds Plith· 
In response to some of the questions raised in the introduction: 
Why is Porgera so big? One reason is the scale of the decompressive process. Large 
scale decompression of overpressured fluid reservoirs is probably one of few 
mechanisms which can harness the energy required to focus large amounts of fluid. 
Another factor may be the potentially large scale and efficiency of leaching of pre-existing 
mineralization as well as the efficiency of gold deposition during mixing induced 
oxidation. It is the linking of the two processes, one of leaching and dissolution and the 
other of fluid focussing, both to the same synchronizing process of decompression which 
makes the process so viable in terms of mineralization. 
Is Porgera Unique? While Porgera is quite unusual in terms of both its grade and its size, 
the process of decompressive remobilization may be relatively common in nature. It is 
suggested that the deposits of the Carlin district have resulted from a similar process. In 
the general sense, Porgera may be seen as a structurally controlled end member whereas 
the Carlin deposit may be seen as a stratigraphically controlled end member. In fact 
deposits in the Carlin district show considerable variation. Other examples might be the 
large Ashanti gold mine in Ghana (Mumin et al., 1994), Kelian in Indonesia, Telfer and 
possibly Fortnum in West Australia. Note that while individual deposits may appear very 
different it is the processes that are being compared. Their individual styles will be 
related to their initial setting, stratigraphy and structural preparation, as well as their 
proximity to intrusive centers. 
Is enriched source necessary? An enrichment in potential source rocks will be beneficial 
but the question remains, is it an absolute necessity? Given the potential efficiency with 
which decompression induced remobilization can operate, it is possible that even the 
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background metal concentrations of many sediments may provide sufficient metal to form 
an orebody. The Carlin deposits are an example where early mineralization is relatively 
sparse but where syngenetic sulphide mineralization is observed in the host sediments. 
Exploration Criteria 
1. The presence of some form of pressure seal (impermeable horizon) is considered 
important. Whether or not this takes the form of a regionally extensive tectono-
stratigraphic boundary or is a more subtle manifestation of the stratigraphy will be a 
characteristic of each system. In a regional sense, the large scale stratigraphic 
discontinuities will be the most obvious. However, on a local scale other potential 
aquit~d~ may be recognized. 
In New Guinea many of the major Au/Cu ore deposits are closely associated with the 
regionally extensive Mesozoic-Tertiary boundary which is a major decollement; this 
boundary acted as a barrier to both fluids as well as intrusions. A similar relationship is 
observed in the Carlin district of Nevada. If one could peel back the limestone cover, 
exposing the upper most part of the 'lower plate', it is almost certain that new deposits 
would be discovered. Of course most of these blind deposits would be under too much 
limestone to be economic but a focus on areas of thin limestone cover might hold some 
promise. 
Many deposits in these settings setting show a spatial relationship to broad scale 
antiformal structures (eg Carlin district, Ok Tedi, Mt Kare, Telfer). The reason for this 
may simply be that synformal stratigraphic boundaries make lousy pressure traps. 
2. Carbonate bearing host rocks and the presence of early C02 rich fluids are also 
considered important. These two criterion are linked since the carbonate rich host rocks 
may be partly if not wholly responsible for the high partial pressures of C02 in the early 
fluids. High initial fluid pressures are a prerequisite for any major decompression. 
3. Some evidence of an early auriferous base metal-sulphide rich vein system (ie stage 
I) would be considered encouraging but as mentioned above is not an absolute pre-
requisite. Early sulphide mineralization may give a geophysical response. 
4. The presence of dissolution textures in the early base metal-sulphide veins, (ie 
quartz and carbonate replacing sulphides) would be very encouraging. This might only 
be observable microscopically but in the field one should at least observe quartz and/or 
carbonate in the base metal-sulphide veins. 
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5. Some indication of the presence of oxidized magmatic fluid such as G stringers and 
altered sediments or the presence of roscoelite/barite bearing quartz veins would also be 
encouraging but not essential. The presence of oxide bearing porphyry magmas would 
also be encouraging. 
6 . Major deep crustal structure - transfers at Porgera - more subtle at Carlin. Most 
major deposits in PNG tend to be located along northeast trending transfer zones. These 
are old structures which have been subsequently reactivated during compressional 
orogeny. There is a strong correlation between these transfer zones and Cenozoic 
intrusive and volcanic activity. Movement along these regional structures may cause local 
dilatancy along subsidiary structures (i.e. Roamane Fault at Porgera). 
7 . The presence of arsenical pyrite intimately associated with gold in these systems is 
significant. Arsenic may form larger, more easily detected dispersion halos than gold, 
and may therefore be useful for targeting. 
As mentioned above stage I mineralization at Porgera is thought to be equivalent to the 
Pb-Zn rich distal reaches of a porphyry hydrothermal system. This interpretation coupled 
with the aeromagnetic data implies the possiblility of a large low grade Cu-Au porphyry 
system at depth. Such deep low grade targets appear less appealing when compared to 
the possibility of finding another zone VII. The occurrence of another major zone VII at 
depth is possible but considered unlikely. The potential for discovery would appear to be 
highest along favourable structural settings near the Tertiary-Mesozoic contact - or in 
similar settings elsewhere. 
I 
I 
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Appendix 1.1 - XRF Analyses 
Feild No. PGCOl9 PGC038 PGC042 PGC048 PGC055 PGC056 PGC057 PGC058 PGC059 PGC060 . PGC062 PGC063 PGC064 PGC068 PGC071 
Lab No. GCDI GCD2 GCD3 GCD4 GCD5 GCD6 GCD7 GCD8 GCD9 GCDlO ' GCDll GCDl2 GCD13 GCDl4 GCDl5 
Rock Code fgGb bkSh Gbbld fresh hbDi GbaditoAvn Gb hbDi/Gb stalthbDi hbDi hbDi . stalthbDi hbDi hbDi altSedHR altSedHR 
Si02 40.66 55.71 39.88 45.62 38.67 40.16 43.85 41.41 43.21 43.92 45.47 41.00 44.79 59.68 67.89 
Ti02 1.09 0.89 1.08 0.91 1.17 I.I I 1.17 1.09 1.16 1.21 1.22 1.13 1.20 0.84 0.80 
Al203 12.30 17.06 11.84 15.86 12.75 12.16 16.79 16.09 16.57 17.13 18.26 17.25 16.79 16.49 15.66 
Fe203 3.29 2.36 3.07 4.44 1.38 2.55 4.86 4.74 4.24 1.94 5.52 2.22 3.51 2.90 1.10 
FeO 5.29 4.23 5.50 3.32 5.96 5.96 3.59 2.57 4.22 5.54 2.69 5.14 4.13 1.65 2.61 
MnO 0.16 0.24 0.1 8 0.15 0.73 0.22 0.21 0.52 0.21 0.24 0.83 0.24 0.15 0.18 0.28 
MgO 12.79 1.87 13.07 4.85 8.33 12.11 4.88 3.73 4.60 2.74 2.00 2.67 4.99 1.51 1.10 
Cao 9.36 3.21 10.19 9.88 6.86 9.78 8.98 8.76 10.14 7.41 5.66 8.50 8.76 3.57 0.73 
Na20 1.71 0.34 1.62 3.69 0.21 1.17 3.71 1.24 3.56 1.54 0.21 1.60 3.88 0.45 0.19 
K20 1.34 4.46 0.83 0.91 3.69 1.26 2.80 3.29 1.28 3.72 5.14 3.83 2.61 4.38 4.69 
P205 0.48 0.13 0.51 0.37 0.69 0.58 0.67 0.65 0.67 0.70 0.71 0.68 0.63 0.10 0.07 
s 0.09 1.44 0.19 0.04 0.78 0.29 0.01 3.80 0.04 0.46 4.48 0.09 0.09 2. 14 0.40 
C02 4.84 5.56 5.54 6.41 12.80 6.15 4.04 8.96 5.52 8.75 5.46 8.96 4.34 3.96 2.14 
H20+ 5.54 3.22 5.56 2.94 3.02 5.53 3.34 3.23 3.34 2.96 3.11 3.57 3.00 2.42 2.28 
LOI 8.10 17.86 9.70 14.30 6.48 
Total 98.94 100.72 99.06 99.39 97.04 99.03 98.90 100.08 98.76 98.26 100.76 96.88 98.87 100.26 99.94 
Total (LOI) 100.04 99.08 99.60 98.65 100.36 
MgNo 70.74 30.66 70.38 59.36 58.29 67.02 57.62 59.21 52.15 33.09 42.64 34. 19 54.71 47.78 29.65 
Sc 32 24 28 36 26 32 16 12 16 14 14 13 18 22 22 
v 240 191 238 246 278 258 256 294 270 290 322 283 268 292 244 
Cr 865 89 855 168 675 860 42 28 42 40 28 26 64 88 84 
Ni 320 23 338 36 194 298 34 18 30 24 20 22 40 44 12 
Cu 66 24 66 78 116 74 104 116 102 44 140 34 34 12 10 
Zn 78 72 178 92 300 400 142 370 126 124 178 99 110 56 20 
Ga 15 20 14 17 14 14 20 20 20 21 24 20 20 19 19 
As 10 65 6 10 214 16 8 271 7 . 96 670 9 9 1090 146 
Rb 48 162 27 25 92 39 61 90 32 86 137 106 68 160 186 
Sr 575 77 585 880 102 458 870 121 765 180 82 260 835 79 21 
y 13 21 13 15 13 14 19 18 18 18 19 19 17 14 21 
Zr 112 174 110 126 124 116 152 154 146 156 174 171 154 158 164 
Nb 42 8 44 52 58 50 64 66 60 68 78 78 66 8 8 
s 
Ba 295 238 455 370 475 270 550 215 420 505 230 280 540 340 205 
La 26 23 28 28 32 28 38 38 40 36 40 39 38 8 20 
Ce 50 60 60 60 75 60 75 85 80 75 85 85 80 35 55 
Nd 20 25 25 20 20 25 25 30 30 25 30 30 30 10 20 
Pb 8 24 14 6 230 34 12 40 IO 22 116 II 24 44 16 
Th 5 II 5 7 7 7 9 8 8 9 10 9 9 II 10 
u I 3 <I I 2 I 2 3 2 3 3 2 2 3 3 
Appendix 1.1 - XRF Analyses 
Feild No. PGC077 PGC078 PGC081 PGC082 PGC083 PGC091 PGC092 PGC096 PGC097 PGC098 . PGC104 PGC107 PGC108 PGCl14 PGCll7 
Lab No. GCD16 GCD17 GCD18 GCD19 GCD20 GCD21 GCD22 GCD23 GCD24 GCD25 . GCD26 GCD27 GCD28 GCD29 GCD30 
Rock Code stalthbDislvg hbDi thbDiAvnslvg pryhbDi Gb hbDislvgto89 bDi4mfrom89 staltfdPry Gb staltfdPl'V · And thbDiAvnslvg il.5mAvnslvg stalthbDi hbDi 
Si02 38.30 49.59 44.12 45.00 43.49 44.54 45.70 41.80 44.54 38:01 . 52.11 42.31 43.43 45.78 50.02 
Ti02 0.97 0.86 1.26 1.19 1.14 1.19 1.17 1.15 1.14 1.18 . 0.92 1.23 1.17 0.96 0.92 
Al203 20.57 18.18 17.65 17.05 16.73 17.02 17.45 14.55 14.84 15.02 18.35 17.40 16.49 20.25 18.51 
Fe203 2.12 4.18 2.49 3.52 3.52 4.90 5.03 4.13 4.68 2.26 4.26 1.78 3.66 1.95 4.59 
FeO 2.78 2.70 5.94 4.77 4.40 2.62 3.43 3.95 3.69 4.69 3.30 6.56 4.46 3.88 3.00 
MnO 0.20 0.14 0.27 0.21 0.30 0.96 0.19 0.15 0.15 0.16 0.10 0.31 0.19 0.22 0.19 
M20 1.65 2.85 2.41 4.67 4.38 2.49 4.69 7.28 8.16 4.90 2.63 2.29 4.69 1.88 3.42 
Cao 11.97 9.1 1 6.24 9.72 9.16 6.99 8.96 9.79 .9.75 10.51 6.29 7.64 9.86 6.27 8.93 
Na20 0.19 4.36 0.18 3.54 2.74 0.31 4.37 2.43 2.81 0.26 3.64 0.62 3.85 0.41 5.40 
K20 4.93 2.18 3.75 1.62 3.79 4.66 2.44 2.49 2.49 4.13 2.61 3.72 1.75 4.89 1.25 
P205 0.49 0.43 0.71 0.65 0.65 0.68 0.68 0.60 0.44 0.49 0.28 0.69 0.66 0.50 0.47 
s 1.32 0.02 1.35 1.28 1.72 4.05 0.05 0.09 0.09 1.30 0.52 0.43 0.54 0.98 O.oI 
C02 9.14 3.25 7.98 4.17 5.48 6.82 2.66 7.44 4.38 11.60 1.81 9.06 4.97 6.53 1.16 
H20+ 4.78 1.56 3.38 2.57 2.30 2.67 2.46 2.44 2.08 2.88 2.33 3.58 2.75 3.74 1.90 
LOI 13.64 5.81 12.08 16.65 14.37 8.91 11.59 
Total 99.41 99.41 97.73 99.96 99.79 99.90 99.28 98.29 99.24 97.45 99.16 97.62 98.48 98.24 99.77 
Total (LOI) 100.01 99.97 100.49 99.62 99.35 99.67 99.56 
MgNo 37.25 51.35 28.86 49.47 49.91 48.73 57.76 64.83 68.86 51.09 44.35 25.88 51.26 32.64 53.27 
Sc 12 14 18 18 16 16 16 26 30 34 22 16 18 14 16 
v 312 242 308 290 284 310 270 258 248 306 244 300 280 386 260 
Cr 8 6 64 54 40 40 42 264 330 388 56 54 54 6 8 
Ni 12 6 26 32 24 20 30 92 112 100 24 26 34 6 8 
Cu 38 62 76 102 114 84 104 86 78 80 748 102 88 70 86 
Zn 42 70 530 88 216 392 80 76 74 98 63 200 106 72 90 
Ga 24 21 21 20 18 21 20 17 18 18 21 21 19 24 22 
As 89 5 28 9 73 520 6 7 15 233 2 47 8 95 7 
Rb 113. 48 88 42 81 129 62 68 66 106 69 87 47 104 25 
Sr 211 685 202 735 1400 98 840 535 491 172 432 365 730 319 575 
y 19 19 18 18 7 17 18 16 15 16 19 17 17 17 18 
Zr 170 166 162 160 166 152 178 134 134 122 159 176 152 162 140 
Nb 82 76 70 68 70 68 70 60 52 48 44 72 64 88 68 
s 
Ba 10 500 295 455 690 230 525 420 380 65 380 105 415 280 285 
La 40 34 48 44 44 36 42 34 32 30 30 44 42 34 38 
Ce 80 75 95 85 85 85 90 75 65 65 67 90 85 70 75 
Nd 25 25 35 30 30 25 30 25 25 25 25 30 25 25 30 
Pb 24 2 134 10 930 130 8 10 4 12 6 86 16 12 4 
Th 9 9 9 9 11 9 II 7 6 6 10 10 9 11 7 
u 3 2 2 2 2 2 2 2 2 2 3 2 2 3 2 
Appendix 1.1 - XRF Analyses 
Feild No. PGC118 PGC!25 PGC132 PGC133 PGC145 PGC147 PGC15la PGC!5lb PGC!53 PGC155 . PGC!56 PGC!61 PGC165 PGC167 PGC170 
Lab No. GCD31 GCD32 GCD33 GCD34 GCD35 GCD36 GCD104 GCD!05 GCD37 GCD38 .. GCD39 GCD40 GCD41 GCD42 GCD43 
Rock Code hnflsaltSed Gb altSed hbDiPry hbDi stwealthbDi "fresh" hbDi althbDi fdPrv bkSh-Chirh bkSh-Ireau incioaltSed altSed bkSh bkSh 
Si02 35.53 40.70 53.23 49.55 49.51 54.76 49.54 48.06 56.99 55.56 55.99 61.91 65.95 53.83 56.98 
Ti02 0.58 1.09 0.86 0.86 0.90 0.99 0.89 0.89 0.53 0.92 0.93 1.03 0.98 0.89 0.89 
Al203 10.58 11.95 16.64 17.78 18.06 19.64 17.90 18.17 17.74 18.49 18.83 20.69 19.07 18.11 17.53 
Fe203 3.71 3.63 1.97 4.94 4.27 3.42 4.21 1.43 2.74 1.78 1.66 1.40 2.25 6.79 4.53 
FeO 0.07 5.18 2.98 3.37 2.95 2.05 3. 16 3.12 1.79 4.69 5.01 0.95 0.30 0.00 1.54 
MnO 0.06 0.17 0.17 0.12 0.14 0.28 0.17 0.42 0.12 0.04 0.04 0.10 0.03 0.06 0.14 
~faO 2.06 14.07 2.63 4.42 3.45 1.34 3.24 1.73 1.64 2.00 1.77 1.26 0.90 1.67 1.47 
Cao 38.03 10.78 5.83 8.05 8.71 2.61 9.33 9.65 5.94 3.78 2.42 1.41 0.73 3.67 2.97 
Na20 0.24 1.96 0.24 4.17 5.16 0.17 4.53 1.10 4.89 1.65 1.53 0.20 0.28 0.53 0.32 
K20 0.01 1.35 4.95 2.44 1.29 5.21 1.88 4.35 2.19 2.32 2.85 6.25 5.21 4.24 4.80 
P205 0.18 0.57 0.11 0.66 0.45 0.64 0.44 0.45 0.28 0.11 0.10 0.10 0.08 0.11 0.08 
s 2.09 0.12 1.35 0.05 0.03 2.29 0.14 0.88 0.02 0.71 0.57 0.51 1.38 4.63 3.46 
C02 0.72 3.93 6.33 1.32 2.40 3.17 2.96 5.65 2.64 4.18 3.47 1.56 0.69 4.40 3.60 
H20+ 1.62 1.60 2.31 1.56 1.72 3.38 1.76 3.64 1.75 4.21 5.41 2.80 2.58 3.49 2.78 
LOI 4.65 7.80 7.50 10.23 
Total 95.49 97.09 99.60 99.29 99.04 99.94 100.15 99.54 99.26 100.44 100.59 100.17 100.42 102.42 101.10 
Total (LOI) 97.80 99.36 99.55 104.76 
M2No 96.71 73.09 46.88 56.74 53.91 39.59 47.81 29.90 26.11 57.01 75.00 100.00 48.84 
Sc <2 34 22 14 18 12 18 18 8 24 24 26 26 24 24 
v 96 244 188 202 239 372 231 252 116 244 240 248 300 248 775 
Cr 76 950 90 68 21 18 20 21 6 102 94 102 102 102 92 
Ni 16 364 18 42 11 8 10 7 4 28 32 20 12 20 18 
Cu 13 66 10 118 271 118 261 192 26 IO IO 6 4 8 14 
Zn 122 84 18 62 84 34 98 411 56 146 108 16 22 92 62 
Ga 11 14 19 21 21 26 22 21 21 21 21 24 22 21 21 
As 36 6 15 <I 2 755 2.5 216 4 3 12 38 11 161 1220 
Rb <I 38 160 61 29 119 48 128 48 105 117 203 185 158 173 
Sr 291 575 41 810 862 88 740 147 467 183 137 45 61 360 120 
y 22 14 20 19 18 17 18 18 15 20 20 21 21 18 19 
Zr 122 114 170 194 167 172 160 161 172 156 160 180 190 152 164 
Nb 6 50 8 88 78 84 77 78 82 8 8 10 IO 8 8 
s 4 14 
Ba <5 330 405 685 445 75 485 215 570 210 165 375 340 220 210 
La 24 30 22 46 36 36 36 35 42 22 26 22 18 22 20 
Ce 45 65 55 95 78 80 72 70 75 55 65 60 50 60 65 
Nd 17 25 20 30 25 20 25 20 25 25 15 20 20 
Pb 14 14 4 2 4 12 5 98 4 16 18 <2 4 34 18 
Th 8 6 11 12 9 9 8 8 13 11 II 12 12 10 11 
u 2 2 2 3 2 2 2 2.5 4 3 2 2 2 1 4 
Appendix 1.1 - XRF Analyses 
Feild No. PGC171 PGC\77 PGC\78 PGC179 PGC181 PGC182a PGC182b PGC182c PGC\83 PGG\86 . PGC188 PGC193 PGC198 PGC204 PGC205a 
Lab No. GCD44 GCD45 GCD46 GCD47 GCD48 GCD\06 GCD\07 GCD108 GCD49 GCD50 . GCD51 GCD52 GCD53 GCD54 GCD55 
Rock Code fdPrywxenos hbDiDvnslvg hbDi hbDi hbDiDvnslvg "fresh" hbDi outerzn altn innerzn al tn hbDi stindaltSed · bkSh altSed Gb Gb staltGb 
Si02 48.07 40.95 48.39 47.81 42.18 48.95 46.82 49.04 50.34 58.32 54.85 61.26 36.77 39.94 34.08 
Ti02 0.84 1.12 1.02 1.01 0.95 0.91 0.91 0.91 1.04 0.91 0.94 0.94 1.05 1.07 1.14 
Al203 15.97 18.40 18.13 17.86 18.32 18.00 18.11 17.89 19.02 17.07 19.17 17.98 11.46 12.24 12.71 
Fe203 3.15 2.21 4.60 4.52 1.93 4.15 1.38 5.02 4.50 2.32 1.41 5.13 3.16 3.39 2.51 
FeO 3.49 5.10 3.17 3.08 4.46 3.16 4.03 1.56 3.36 3.53 5.31 0.25 5.10 4.97 4.51 
MnO 0.18 0.21 0.18 0.17 0.22 0.21 0.58 0.75 0.19 0.14 0.06 0.10 0.17 0.19 0.31 
MgO 4.97 2.36 4.45 4.11 3.02 3.22 1.89 1.49 4.20 1.69 1.65 1.40 12.37 12.64 6.96 
Cao 8.20 8.56 8.83 9.55 8.09 9.18 9.08 6.08 7.09 2.54 1.97 1.19 10.59 10.22 11.83 
Na20 3.40 0.28 4.81 4.01 0.33 4.37 2.07 0.37 5.16 0.18 0.97 0.26 1.54 1.20 0.95 
K20 2.21 4.21 1.67 2.46 4.61 2.13 3.84 5.79 1.67 5.26 4.13 5.31 2.01 1.90 3.45 
P205 0.34 0.52 0.47 0.45 0.47 0.44 0.44 0.45 0.48 0.12 0.11 0.09 0.78 0.49 0.68 
s 0.33 0.88 0.02 0.05 0.60 0.04 0.50 4.18 0.06 0.87 0.41 3.90 0.41 0.54 1.50 
C02 5.29 9.12 1.69 3.11 9.13 3.13 5.86 4.43 0.59 3.80 5.53 1.45 9.59 6.54 14.00 
H20+ 2.30 3.75 1.58 0.84 3.06 1.95 3.65 2.97 1.19 3.80 3.35 2.33 1.39 2.21 1.92 
LOI 14.71 14.01 2.78 6.90 13.93 10.95 18.68 
Total 98.75 97.67 99.00 99.03 97.37 99.84 99.16 100.93 98.88 100.55 99.87 101.58 96.39 97.54 96.55 
Total (LOI) 99.51 99.19 99.88 104.70 99.34 99.74 99.31 
MgNo 58.75 31.64 58.40 57.16 40.37 55.56 32.38 23.71 85.11 70.81 71.78 60.68 
Sc 26 26 24 24 14 20 20 22 21 20 24 24 28 26 30 
v 216 364 274 264 278 248 266 261 279 218 262 246 353 232 336 
Cr 158 44 36 36 24 25 25 28 31 84 96 94 720 855 720 
Ni 50 14 16 16 8 11 9 9 16 22 26 20 305 322 242 
Cu 69 88 92 102 82 69 77 96 143 174 6 <2 76 68 74 
Zn 81 74 78 84 70 84 188 218 81 56 130 22 141 218 104 
Ga 19 22 22 21 21 22.5 21.5 22.5 22 19 21 20 13 14 16 
As 8 151 5 4 85 6.5 57 1250 5 50 34 17 40 22 785 
Rb 47 94 32 50 106 46.5 84 146 32 174 154 200 68 69 121 
Sr 665 192 775 645 269 700 286 105 868 362 100 42 680 350 243 
y 14 18 18 18 17 19 19 18 20 21 19 21 16 14 16 
Zr 144 144 150 174 150 177 180 181 160 178 152 194 128 112 130 
Nb 63 70 68 82 74 82 87 86 76 14 8 8 64 44 66 
s 4 2 6 
Ba 508 50 465 435 285 465 540 465 515 2000 195 315 318 225 75 
La 32 36 34 36 42 40 41 39 41 26 22 26 43 28 40 
Ce 60 75 70 75 75 76 72 82 80 60 50 70 92 60 90 
Nd 20 25 25 25 25 25 20 20 30 35 25 30 
Pb 14 6 4 6 8 8 18 93 4 2 12 8 22 18 18 
Th 7 6 7 9 7 8.5 9.5 9.5 7 9 12 12 8 6 8 
u 2 I 2 2 2 2.5 2.5 2.5 I 2 2 3 2 2 2 
Appendix 1.1 - XRF Analyses 
Feild No. PGC205b PGC205c PGC207 PGC216 PGC218 PGC219 PGC221 223a PGC223b PGC224 . PGC231 PGC232 PGC233 PGC234 PGC235 
Lab No. GCD56 GCD57 GCD58 GCD59 GCD60 GCD61 GCD62 GCD63 GCD64 GCD65 GCD66 GCD67 GCD68 GCD69 GCD70 
Rock Code staltGb staltGb bkSh altSed bkSh grungybkSh hbDi althbDi althbDi hbDi · altSed hbDi silaltSed indaltSed stalthbDi 
Si02 35.86 39.09 54.21 58.36 59.87 56.34 45.44 41.66 43.99 4~UO 55.23 54.99 54.71 53.59 42.45 
Ti02 1.17 1.14 0.85 0.95 0.92 0.92 1.18 1.15 1.17 1.21 0.94 0.71 0.93 0.89 0.94 
Al203 12.88 12.41 16.00 19.19 17.01 18.24 17.24 16.82 17.10 17.17 18.86 17.76 18.84 18.32 18.63 
Fe203 2.82 3.04 1.51 1.36 1.37 2.60 4.60 5.95 1.41 4.24 1.98 3.46 3.23 2.71 2.83 
FeO 5.26 5.17 3.87 4.70 3.91 3.88 3.69 2.53 4.81 4.20 3.15 2.32 3.57 4.16 3.70 
MnO 0.22 0.17 0.05 0.15 0.12 0.21 0.17 0.87 0.27 0.19 0.09 0.16 0.10 0.06 0.34 
M11.0 7.26 11.31 1.63 1.57 1.39 1.53 4.82 2.55 2.01 4.97 1.94 2.64 1.75 1.93 2.35 
Cao 9.93 10.56 6.20 1.17 2.38 1.77 9.57 7.98 9.36 8.95 3.22 6.47 3.28 3.11 8.28 
Na20 1.53 2.18 0.64 0.40 0.29 0.30 4.26 0.15 0.35 4.59 0.96 5.14 1.02 0.76 0.13 
K20 2.87 1.94 3.12 5.13 4.17 4.66 1.58 4.75 4.09 1.67 5.27 2.02 4.88 5.21 4.71 
P205 0.69 0.67 0.11 0.09 0.09 0.08 0.66 0.68 0.69 0.68 0.10 0.34 0.08 0.29 0.49 
s 0.90 0.19 0.84 0.27 0.64 2.82 0.06 4.98 0.18 0.03 0.68 0.47 1.99 0.97 1.53 
C02 13.20 7.35 7.40 3.84 4.70 3.94 3.42 7.52 8.96 3.24 4.33 1.26 3.52 4.63 8.16 
H20+ 1.64 2.29 3.03 2.31 2.80 3.48 1.88 2.13 2.95 2.31 1.86 0.73 0.81 1.79 2.54 
LOI 17.79 11.53 14.36 3.31 9.03 12.67 
Total 96.23 97.51 99.46 99.48 99.66 100.77 98.57 99.72 97.34 98.55 98.62 98.47 98.71 98.41 97.08 
Total (LOI) 99.18 99.40 99.79 99.79 101.02 99.05 
M11.No 57.99 68.63 29.64 25.04 26.23 28.28 56.64 50.20 29.47 54.20 38.11 53.23 32.89 31.69 38.84 
Sc 30 26 20 26 22 24 18 14 II 18 24 14 24 24 14 
v 286 254 226 238 198 210 276 298 274 280 234 152 243 254 376 
Cr 710 688 102 94 92 96 50 30 34 46 94 26 98 96 12 
Ni 238 294 22 22 22 22 32 20 22 32 22 10 28 28 6 
Cu 72 84 6 22 14 10 108 74 69 94 6 28 27 16 56 
Zn 94 101 98 46 146 96 104 72 125 124 64 64 101 40 44 
Ga 16 15 17 21 18 22 20 21 20 21 22 21 21 20 23 
As 191 11 15 18 55 124 5 755 24 5 4 3 50 4 492 
Rb 94 64 123 168 149 169 35 132 104 42 207 38 174 167 105 
Sr 695 1025 133 70 IOI 90 785 115 198 795 205 640 138 101 124 
y 17 17 19 20 21 19 18 19 17 19 19 17 17 25 20 
Zr 138 137 168 156 196 172 164 148 158 158 152 220 155 146 166 
Nb 68 67 8 8 8 8 70 66 73 72 8 90 9 8 80 
s 
Ba 450 588 180 250 220 210 535 385 102 620 295 515 190 235 60 
La 44 41 20 24 22 20 40 38 38 42 16 42 22 26 40 
Ce 100 88 55 55 60 50 85 85 78 90 40 80 52 70 80 
Nd 35 30 20 20 25 20 30 25 30 30 20 25 20 30 25 
Pb 8 8 20 2 16 154 6 36 19 22 6 4 II 4 10 
Th 7 7 . JO 11 12 II 9 8 10 9 10 II II 12 9 
u 2 I 2 2 2 2 2 2 I 2 2 3 2 2 3 
Appendix 1.1 - XRF Analyses 
Feild No. PGC236 PGC237 PGC239 PGC241 PGC242 PGC244 PGC251 PGC259 PGC261 PGC264 . PGC265 PGC268 PGC270 PGC271 PGC275 
Lab No. GCD71 GCD72 GCD73 GCD74 GCD75 GCD76 GCD77 GCD78 GCD79 · GCD80 · . GCD81 GCD82 GCD83 GCD84 GCD85 
Rock Code hbDi stalthbDi altSed stasltfdPry bkSh altSed hnflsaltSed altSed altSed calcbkSh bkSh And/Di bkShBx bkShBx altSed 
Si02 50.25 38.73 54.84 45.16 61.80 54.82 55.42 59.11 62.29 53.96 58.19 42.73 60.57 53.62 58.11 
Ti02 0.92 1.31 0.89 0.92 0.87 0.93 0.94 0.99 I.OJ 0.88 0.97 1.15 0.76 0.90 0.92 
Al203 18.42 25.32 17.89 19.62 16.95 18.94 19.29 19.90 20.03 17.41 19.08 14.92 15.61 18.18 18.47 
Fe203 4.34 2.38 2.75 1.52 1.40 1.91 2.65 1.84 1.20 2.20 1.26 2.98 3.64 2.65 1.97 
FeO 2.91 3.47 1.71 3.17 3.83 5.04 2.45 2.42 2.63 4.04 3.78 4.85 0.90 1.54 3.40 
MnO 0.14 0.25 0.16 0.18 0.10 0.09 0.10 0.24 0.05 0.08 0.10 0.18 0 .17 0.90 0.10 
MgO 3.58 1.59 2.22 2.06 1.43 1.76 1.80 1.36 1.16 1.61 1.22 7.04 1.90 1.86 1.90 
Cao 8.39 6.79 4.47 8.33 1.37 1.70 3.39 1.54 0.23 4.27 2.08 10.14 2.83 4.55 1.99 
Na20 5.64 0.14 0.2 1 0.17 0.23 0.83 0.57 0.20 0.29 0.74 0.46 2.72 0.22 0.29 0.22 
K20 1.32 6.02 5.46 4.82 4.63 5.01 5.97 6.00 5.28 3.40 4.25 I.I I 4.35 4.88 5.84 
P205 0.47 0.79 0.09 0.39 0.10 0.13 0.10 0.13 0.07 0.08 0.12 0.59 0.10 0.10 0.10 
s 0.01 1.51 1.77 0.77 0.34 0.23 0.44 0.95 0.36 0.95 0.19 0.69 3.00 1.67 0.33 
C02 1.54 5.91 4.58 7.39 3.66 4.65 3.69 2.32 2.00 6.09 4.31 5.60 5.19 5.59 3.54 
H20+ 0.88 4 .55 1.62 3.49 2.04 2.47 0.50 1.77 2.53 3.31 3.17 3.50 2.00 2.57 0.80 
LOI 12.61 6.98 10.12 6.72 
Total 98.80 98 .76 98.66 97.99 98.75 98.51 97.30 98.78 99.13 99.02 99.17 98.20 101.24 99.30 97.69 
Total (LOI) 99.72 100.10 99 .22 100.07 
Ml!:No 55.16 31.42 56.49 39.39 27.19 25.88 42.35 35.98 30.61 28 .50 24.40 59.21 67.86 54.7 1 35.85 
Sc 16 24 24 22 22 26 26 26 28 20 24 28 24 24 25 
v 258 850 206 244 192 238 263 274 212 188 218 278 348 242 247 
Cr 10 15 86 134 92 94 97 100 96 88 101 266 84 100 91 
Ni 8 II 22 32 24 26 31 24 12 28 23 88 12 20 19 
Cu 46 76 <2 62 8 6 33 32 12 8 13 78 4 10 15 
Zn 58 74 50 70 68 150 43 64 24 92 67 148 152 146 43 
Ga 2 1 30 21 23 19 22 23 23 24 20 23 19 21 22 21 
As 3 434 139 55 17 6 3 116 23 14 8 18 114 85 127 
Rb 36 134 144 121 164 177 235 224 189 146 164 35 158 190 218 
Sr 710 159 95 157 71 77 133 44 89 150 72 680 50 91 50 
y 18 24 17 16 22 22 20 23 22 22 22 16 18 20 19 
Zr 154 227 154 172 218 166 157 170 192 172 186 142 136 158 157 
Nb 76 108 8 78 8 10 8 10 10 8 9 58 8 8 9 
s 
Ba 330 <2 400 40 215 235 360 325 270 215 260 190 145 250 415 
La 34 48 18 32 22 24 22 24 22 20 26 34 18 20 22 
Ce 70 105 45 65 55 65 55 65 55 50 65 75 50 55 55 
Nd 30 35 20 20 25 20 22 25 20 20 25 30 20 20 20 
Pb 4 14 8 24 4 6 2 10 2 14 12 16 30 10 4 
Th 8 12 10 9 12 II 11 12 13 12 II 8 10 12 II 
u 2 5 2 2 2 I 2 I 2 2 2 2 2 2 I 
Appendix 1.1 - XRF Analyses 
Feild No. PGC325 PGC329 PGC332 PGC346 
Lab No. GCD109 GCDllO GCDlll GCD112 
Rock Code al tint altGb altGb frshaughbDi 
Si02 38.50 37.17 41.17 41.62 
Ti02 0.99 I.I I 1.10 1.18 
Al203 12.37 13.25 12.69 12.94 
Fe203 1.94 2.65 2.96 3.12 
FeO 6.18 10.71 6.03 5.85 
MnO 0.41 0.40 0.23 0.18 
MgO 8.52 14.34 13.23 12.67 
Cao 10.o! 5.31 9.20 10.93 
Na20 0.22 0.72 2.14 2.38 
K20 1.43 0.28 0.89 1.29 
P205 0.43 0.59 0.55 0.75 
s 0.98 0.43 0.51 0.25 
C02 10.90 4.74 3.36 2.66 
H20+ 4.02 6.68 4.18 3.01 
LOI 
Total 96.90 98.38 98.24 98.83 
Total (LOI) 
MgNo 
Sc 39 38 36 31 
v 267 279 251 265 
Cr 725 990 960 835 
Ni 216 295 351 301 
Cu 89 60 53 84 
Zn 229 211 393 97 
Ga 15 17 15.5 16.5 
As 132 21 7.5 3.5 
Rb 46 9.5 24.5 36.5 
Sr 119 94 605 695 
y 14 14 13 16 
Zr 98 126 123 123 
Nb 40 48 54 56 
s 6 4 4 4 
Ba 96 60 275 380 
La 26 32 30 33 
Ce 58 62 68 76 
Nd 
Pb 54 14 278 13 
Th 4.5 7 6 5.5 
u I 2 1.5 2 
AGSO = ffSOTOP!E ~ O!RGA!NlffC 
G!EOCM!EMffS!f1RY lAIBIO~ TO!RY 
Requested by : T.Mernagh/G.Cameron 
Analyse for : TOC & % loss to HCI digestion. 
AGSO No. Local No. 
-
; 
- PGC038W 
- PGC 155W 
- PGC 156W 
- PGC 167W 
- PGC 170W 
- PGC 188W 
- PGC207W 
- PGC 218W 
- PGC 219W 
- PGC242W 
- PGC264W 
- PGC265W 
- PGC270W 
- PGC 271W 
-
-
Samples: PGC Series 
Date : 08-02-95 
Wt.% loss to TOC% HCI digestion 
22.1 0.246 
22.5 0.310 
21.3 0.305 
18.8 . 0.275 
17.3 0.180 
21 .4 0.244 
26 .5 0.285 
22.0 0.215 
16. 1 0.214 
20 .1 0.086 
23 .8 0.231 
20.4 0.172 
20 .6 0.623 
25 .0 0.261 
Note: accuracy - TOG% within +/- 5% or 0.05 whichever the greater. 
Wt% loss within +/- 3.50. 
Appendix 1.3 - Gold and Silver in Whole Rocks and Sulphide Mineral Separates 
Sample Number Au ppb Ag ppm Zn ppm Comments 
Black Shale 
PGC038 2 3.3 
PGC155 23 <0.1 
PGC156 l <0.1 
PGC167 132 1.5 
PGC170 24170 2.7 
PGC188 4 0.2 
PGC207 l 0.4 
PGC218 1 0.6 
PGC219 192 4.0 
PGC242 <l 0.1 
PGC264 <l 0.2 
PGC265 <l 0.4 
PGC270 59 2.6 
Altered Sediment 
PGC068 2367 4.6 next to D vn, abund. v[g diss PY + cc vnlts 
PGC0.1.! 1011 0.9 between A + D vn, mn diss py + a few thin py stgrs 
Pocri8; 9 <0.1 homfelsed alt sed. 
PGC!:.32 9 0.2 elong blebs of py rep! by qtz, 2-3 % diss py 
PGC161 747 1.0 incipient alt sed 
PGC165 167 0.3 mn thin grey PY stgrs 
PGC186 57 0.2 strongly indurated - homfelsed 
PGC193 21 0.4 
PGC216 18 0.9 fairly clean (ie no vnlts) 
PGC231 21 <0.1 -2% diss PY+ a few thin PY stgrs 
PGC233 50 0.2 silicified + indurated with vnlts of Qtz-py-carbonate 
PGC234 13 <0.1 well indurated, thin py stgrs 
PGC239 200 0.1 -2 % diss py + thin grey py stgrs 
PGC244 2 <0.1 G stgrs only most vnlts removed from crush 
PGC251 15 <0.1 homfelsed alt sed 
PGC259 76 1.3 G stgrs +stage I PY, most vlts remain from crush 
PGC261 48 0.1 most veinlets removed from crush 
PGC275 35 0.5 indurated alt sed, most veinlets removed from crush 
Intrusions 
PGC042 2 <0.1 Gb 
PGC057 6 0.3 Di 
PGC064 <l <0.1 Di 
PGC097 145 <0.1 Gb 
PGC104 35 0.3 Di 
PGC117 7 <0.1 Di 
PGC125 2 <0.1 Gb 
PGC15la 23 0.2 fresh Di 
PGC15lb 41 1.9 altered Di 
PGC178 5 <0.1 Di 
PGC182a 5 <0.1 fresh Di 
PGC182b <l 0.8 alt Di 
PGC182c 322 2.2 st alt Di 
PGC183 6 <0.1 Di 
PGC204 21 0.3 Gb 
PGC221 6 <0.1 Di 
PGC224 <l <0.1 Di 
PGC236 <l <0.1 Di 
PGC346 2 <0.1 Gb 
Stage I Sulphide 
PGC040sf 15309 170 mixed sulphide 
PGC102sf 14100 63.5 3244 mixed sulphide 
PGCll lsf 20090 14.5 sulphide 
PGClllpy 21060 4.9 ovrite 
PGC169sf 30895 42.5 mixed sulphide 
PGC336sf 8100 6.5 mixed sulphide 
Gypsum 
PGC358 2020 3.4 gypsum 
·' 
Appendix 1.4 
Mole % FeS in Sphalerite 
A vn in Int AID vn in hbDi AID vn in hbDi A vn in Gb A vn inGb A vn in bkSh A vn in bkSh A vn in Ls D vn in altSed D vn in Int/Wangi 
PGC015 PGC088 PGC072 PGC329 PGC054 PGC310 PGC037 PGC109 PGC138 PGC355 
17.68 10.47 10.76 19.61 14.62 19.26 5.12 16.23 0.08 0.83 
20.47 9.48 13.21 18.76 14.85 19.88 17.18 16.27 0.12 0.89 
17.95 1.03 13.24 19.90 12.63 20.40 17.60 7.40 0.12 0.37 
18.20 0.30 15.22 20.02 6.78 20.15 18.43 5.81 1.02 
18.60 14.38 15.11 20.49 5.25 5.17 0.86 
20.90 10.67 20.95 . 5.61 6.81 0.29 
20.74 10.03 9.23 11.15 
17.66 21.89 14.35 15.78 
18.64 14.07 14.05 14.67 
20.26 10.25 15.1 3 
21.33 14.87 12.31 
18 .55 12.97 
18.32 
18.10 
17.83 
20.14 
21.56 
20.04 
20.72 
19.28 
15.23 
15.48 
15.54 
13.34 
Appendix 1.4 
Microprobe Analyses - Pyrite (RSES) 
-
Sample No. As ppm Au ppm Ag ppm Sb ppm Cu ppm at prop Fe at prop As at prop Au at prop Ag at prop Sb at prop Cu at prop S Total Cations 
PGC088-PY-3 14,192 NIA NIA NIA NIA 0.3248 0.0076 0.6676 1.0000 
PGC088-PY 1-8 1,797 NIA NIA NIA NIA 0.3268 0.001 0.6722 1.0000 
PGC088-PY1-9 7,849 NIA NIA NIA NIA 0.3270 0.0042 0.6688 1.0000 
PGC088-PY1-10 712 NIA NIA NIA NIA 0.3276 0.0004 0.672 1.0000 
PGC088-PYl-11 5,702 NIA NIA NIA NIA 0.3261 0.003 0.6709 1.0000 
PGC088-PY1-12 2,744 NIA NIA NIA NIA 0.3266 0.0015 0.6719 l.0000 
PGC088-PY1-13 943 NIA NIA NIA NIA 0.3263 0.0005 0.6732 1.0000 
PGC088-PYl-14 15,385 NIA NIA NIA NIA 0.3270 0.0083 0.6647 1.0000 
PGC088-PY1-15 2,307 NIA NIA NIA NIA 0.3257 0.0012 0.673 0.9999 
PGC088-PY1-16 7,486 NIA NIA NIA NIA 0.3273 0.004 0.6687 1.0000 
PGC088-PY1-17 15,718 NIA NIA NIA NIA 0.3275 0.0084 0.6641 1.0000 
PGC088-PY1-18 13 ,681 NIA NIA NIA NIA 0.3270 0.0073 0.6656 0.9999 
PGC088-PY1-19 811 NIA NIA NIA NIA 0.3270 0.0004 0.6726 1.0000 
PGC088-PY 1-20 1,287 NIA NIA NIA NIA 0:3269 0.0007 0.6724 1.0000 
PGC073-PY1 -1 70,844 NIA NIA NIA NIA 0.3551 0.0403 0.6045 0.9999 
PGC073-PY1-2 64,798 NIA NIA NIA NIA 0.3519 0.0363 0.6118 1.0000 
PGC073-PY2-1 (A) 7,858 NIA NIA NIA NIA 0.3524 0.0043 0.6433 1.0000 
PGC073-PY3-1 (A) 427 NIA NIA NIA NIA 0.3506 0.0002 0.6491 0.9999 
PGC073-PY3-2 (A) 298 NIA NIA NIA NIA 0.3493 0.0002 0.6505 1.0000 
PGC073-PY4-1 (A) 14,402 NIA NIA NIA NIA 0.3473 0.0078 0.6449 1.0000 
PGC073-PY4-2 (A) 5,447 NIA NIA NIA NIA 0.3464 0.0029 0.6506 0.9999 
PGC073-PY4-3 (A) 15,027 NIA NIA NIA NIA 0.3486 0.0082 0.6432 l.0000 
PGC073-PY4-4 (A) 16,423 NIA NIA NIA NIA 0.3472 0.0089 0.6438 0.9999 
PGC073-PY4-5 (A) 15,812 NIA NIA NIA NIA 0.3502 0.0086 0.6412 l.0000 
PGC073-PY5-l 47 ,038 NIA NIA NIA NIA 0.3597 0.0274 0.6129 l.0000 
PGC073-PY6-l 53,082 NIA NIA NIA NIA 0.3608 0.0313 0.6079 l.0000 
PGC073-PY7-1 43,357 1,836 NIA NIA NIA 0.3383 0.0258 0.0004 0.6355 1.0000 
PGC073-PY7-2 31 ,828 1,426 NIA NIA NIA 0.3258 0.0193 0.0003 0.6546 l.0000 
PGC073-PY7-3 23,071 b.d. NIA NIA NIA 0.3239 0.0143 0.6618 1.0000 
PGC073-PY7-4 48,696 b.d. NIA NIA NIA 0.3459 0.0285 0.6256 1.0000 
PGC073-PY7-5 54,212 1,472 NIA NIA NIA 0.3519 0.0321 0.0003 0.6156 0.9999 
PGC073-PY2-2 (A) 24,535 b.d. NIA NIA NIA 0.3525 0.014 0.6335 1.0000 
PGC073-PY2-3 (A) b.d. b.d. NIA NIA NIA 0.3504 0.6496 l.0000 
PGC073-PY7-2b 46,232 2,761 b.d. b.d. 5,694 0.3500 0.0257 0.0006 0.0037 0.6199 0.9999 
PGC073-PY7-3b 26,032 1,452 365 b.d. 2,685 0.3556 0.0143 0.0003 0.0001 0.0017 0.6279 0.9999 
PGC073-PY7-4b 61 ,227 1,412 b.d. b.d. 3,319 0.3525 0.0345 0.0003 0.0022 0.6104 0.9999 
PGC073-PY7-4c 77,018 3,901 b.d. b.d. 3,853 0.3512 0.0438 0.0008 0.0026 0.6015 0.9999 
PGC073-PY7-4d 73 ,792 3,348 525 241 3,872 0.3504 0.0418 0.0007 0.0002 0.0001 0.0026 0.6039 0.9997 
Appendix 1.4 
Microprobe Analyses - Pyrite (RSES) 
Sample No. As ppm Au ppm Ag ppm Sb ppm Cu ppm at prop Fe at prop As at prop Au at prop Ag at prop Sb at prop Cu at prop S Total Cations 
PGC073-PY7-4e 74,680 3,275 b.d. b.d. 3,930 0.3460 0.0422 0.0007 0.0026 0.6086 1.0001 
PGC073-PY7-5b 57,329 1,269 658 720 4,482 0.3517 0.0323 0.0003 0.0003 0.0002 0.0030 0.6121 0.9999 
PGC073-PY7-5c 48,155 b.d. b.d. b.d. 2,492 0.3541 0.027 0.0016 0.6168 0.9995 
PGC073-PY2-2b (A) 8,831 b.d. b.d. b.d. b.d. 0.3671 0.005 0.6278 0.9999 
PGC073-PY3-lb (A) 674 b.d. b.d. b.d. 1,542 0.3535 0.0004 0.0010 0.6439 0.9988 
PGC128-PY2-1 51,556 NIA NIA NIA NIA 0.3261 0.0286 0.6453 1.0000 
PGC128-PY2-2 32,580 NIA NIA NIA NIA 0.3346 0.0189 0.6465 1.0000 
PGC128-PYl-1 39,538 3,164 NIA NIA NIA 0.3446 0.0235 0.0007 0.6313 1.0001 
PGC128-PYl-2 13,564 856 NIA NIA NIA 0.3491 0.0079 0.0002 0.6428 1.0000 
PGC128-PYl-3 40,661 1,660 NIA NIA NIA 0.3399 0.0245 0.0004 0.6352 1.0000 
PGC128-PYl-4 25,228 608 NIA NIA NIA 0.3448 0.0148 0.0001 0.6403 1.0000 
PGC128-PYl-5 36,931 1,336 NIA NIA NIA 0.3427 0.0216 0.0003 0.6353 0.9999 
PGC128-PYl-6 36,765 3,760 NIA NIA NIA 0.3503 0.0213 0.0008 0.6276 1.0000 
PGC128-PYl-7 34,065 3,868 NIA NIA NIA 0.3557 0.0196 0.0008 0.6238 0.9999 
PGC128-PYl-lb 21 ,478 b.d. 762 b.d. 6,346 0.3230 0.0122 0.0003 0.0043 0.6601 0.9999 
PGC128-PY I-le 40,689 2,087 b.d. b.d. 8,413 0.3206 0.0232 0.0005 0.0057 0.65 1.0000 
PGC128-PYl-2b 38,581 1,076 402 b.d. 7,679 0.3487 0.0214 0.0002 0.0002 0.0050 0.6243 0.9998 
PGC128-PYl-3b 16,223 b.d. b.d. b.d . 8,198 0.3511 0.0089 0.0053 0.6347 1.0000 
PGC128-PYl-4b 48,632 4,092 b.d. b.d. 5,795 0.3482 0.0271 0.0009 0.0038 0.6199 0.9999 
PGC128-PYl-5b 39,004 b.d. b.d. b.d. 9,654 0.3515 0.0218 0.0064 0.6202 0.9999 
PGC128-PYl-6b 28,952 1,160 b.d. b.d. 10,811 0.3487 0.016 0.0002 0.0070 0.6278 0.9997 
PGC128-PYl-7c 27,466 b.d. b.d. b.d. 7,245 0.3495 0.0151 0.0047 0.6305 0.9998 
PGC128-PYl-8b 50,390 3,737 b.d. b.d. 4,765 0.3510 0.0282 0.0008 0.0031 0.6167 0.9998 
PGC128-PYl-9b 24,481 1,130 b.d. b.d. 6,278 0.3526 0.0137 0.0002 0.0042 0.629 0.9997 
PGC128-PYl-10b 26,554 5,727 b.d. b.d. 12,613 0.3515 O.oJ5 0.0012 0.0084 0.6237 0.9998 
PGC252-PYl-1 29,537 6,984 NIA NIA NIA 0.3502 0.0163 0.0015 0.6321 1.0001 
PGC252-PYl-2 52,558 8,547 NIA NIA NIA 0.3400 0.0294 0.0018 0.6288 1.0000 
PGC252-PYl-3 15,682 6,244 NIA NIA NIA 0.3431 0.0086 0.0013 0.6469 0.9999 
PGC252-PY 1-4 33,649 8,761 NIA NIA NIA 0.3370 0.0188 0.0019 0.6423 1.0000 
PGC252-PYl-5 34,789 8,958 NIA NIA NIA 0.3278 0.0199 0.0019 0.6504 1.0000 
PGC252-PYl-6 46,343 6,335 NIA NIA NIA 0.3274 0.0266 0.0014 0.6466 1.0020 
PGC252-PYl-7 39,458 1,391 NIA NIA NIA 0.3331 0.0224 0.0003 0.6442 1.0000 
PGC252-PY 1-8 37,847 1,497 NIA NIA NIA 0.3314 0.0217 0.0003 0.6466 1.0000 
PGC252-PYl-9 31 ,671 3,291 NIA NIA NIA 0.3224 0.0183 0.0007 0.6586 1.0000 
PGC252-PYl-lb 35,609 6,342 761 656 b.d. 0.3405 0.0196 0.0013 0.0003 0.0002 0.6379 0.9998 
PGC252-PYl-2b 45,474 9,490 3,184 7,826 381 0.3362 0.026 0.0021 0.0013 0.0027 0.0003 0.6313 0.9999 
PGC252-PYl-3b 30,355 9,272 l:Y.d. b.d. 294 0.3448 0.017 0.0020 0.0002 0.636 1.0000 
PGC252-PY 1-3c 5,150 941 b.d. b.d. 7,341 0.3421 0.0028 0.0002 0.0048 0.6501 1.0000 
Appendix 1.4 
Microprobe Analyses - Pyrite (RSES) 
Sample No. As ppm Au ppm Ag ppm Sb ppm Cu ppm at prop Fe at prop As at prop Au at prop Ag at prop Sb at prop Cu at prop S Total Cations 
PGC252-PY l-3d 16,612 8,312 1,055 917 527 0.3323 0.0091 0.0017 0.0004 0.0003 0.0003 0.6556 0.9997 
PGC252-PY l-4b 36,953 8,931 2,352 4,060 b.d. 0.3271 0.0204 0.0019 0.0009 0.0014 0.6482 0.9999 
PGC252-PY! -5b 30,655 8,380 2,904 8,983 588 0.3243 0.0171 0.001 8 0.0011 0.0031 0.0004 0.6522 1.0000 
PGC252-PY l-6b 46,444 6,469 1,773 2,945 4,162 0.3211 0.0261 0.0014 0.0007 0.0010 0.0028 0.6465 0.9996 
PGC252-PY 1-1 Ob 43,220 7,688 1,001 l,085 3,182 0.3225 0.0244 0.0016 0.0004 0.0004 0.0021 0.6483 0.9997 
PGC252-PY l-9b 33,507 2,859 b.d. b.d. 6,542 0.3209 0.0189 0.0006 0.0043 0.6551 0.9998 
PGC252-PY I-Sb 36,083 1,601 b.d. b.d. 3,841 0.3295 0.0202 0.0003 0.0025 0.6475 1.0000 
PGC252-PY l-7b 44,903 3,301 b.d. b.d. 4,678 0.32 11 0.0255 0.0007 0.0031 0.6496 1.0000 
PGC185-PY I-la 4,678 b.d. 408 b.d. 2,407 0.3536 0.0027 0.0002 0.0016 0.6419 1.0000 
PGC185-PY l-2a 9,089 b.d. b.d. b.d. 7,596 0.3473 0.005 0.0049 0.6427 0.9999 
PGC185-PY l -3a 6,345 b.d. b.d. b.d. 3,898 0.3515 0.0035 0.0025 0.6424 0.9999 
PGC243-PYl-l (G) b.d. b.d. NIA NIA NIA 0.3611 0.6389 l.0000 
PGC243-PYl-2 (G) 1,090 b.d. NIA NIA NIA 0.3597 0.0006 0.6397 l.0000 
PGC347-PYl-la (G) 6,194 b.d. b.d. b.d. b.d. 0.3566 0.0034 0.64 1.0000 
PGC255-PYl-l a (A) b.d. b.d. b.d. b.d. b.d. 0.3564 0.6436 1.0000 
PGC255-PY2-la (A) b.d. b.d. b.d. b.d. b.d. 0.3545 0.6455 l.0000 
PGC255-PY3-l a 30,227 b.d. b.d. b.d. b.d. 0.3559 0.0168 0.627 0.9997 
PGC255-PY4-la (A) 5,741 b.d. b.d. b.d. b.d. 0.3556 0.0032 0.6413 1.0001 
PGC157-PYl-la 22,175 1,664 846 224 3,853 0.3520 0.0127 0.0004 0.0003 0.0001 0.0026 0.6317 0.9998 
PGC157-PY2-la 4,589 b.d. b.d. b.d. b.d. 0.3556 0.0025 0.6415 0.9996 
PGC138-PY1-l 19,041 b.d. 882 441 0.3465 0.0104 0.0003 0.0003 0.6423 0.9998 
PGC138-PY2- l 18,829 b.d. b.d. b.d. 2,336 0.3436 0.0102 0.0015 0.6445 0.9998 
PGC138-PY2-2 15,728 b.d. b.d. b.d. 1,701 0.3386 0.0085 0.0011 0.6515 0.9997 
PGCl38-PY2-3 17,629 b.d. b.d. b.d. 1,364 0.3413 0.0096 0.0009 0.648 0.9998 
PGCOIO-PYl-1 644 b.d. b.d. b.d. 0.3398 0.0003 0.6599 1.0000 
PGCOIO-PYl-2 43,865 1,348 b.d. b.d. 1,687 0.3388 0.0241 0.0003 0.0011 0.6357 1.0000 
PGCOIO-PYl-3 47,374 786 2,608 b.d. 2,514 0.3382 0.0262 0.0002 0.0010 0.0016 0.6328 1.0000 
PGCOIO-PYl-4 8,537 b.d. 933 1,557 4,963 0.3345 0.0046 0.0003 0.0005 0.0032 0.6554 0.9985 
PGCOlO-PYl-5 15,462 b.d. b.d. b.d. 2, 163 0.3340 0.0083 0.0014 0.6563 l.0000 
PGCOIO-PYl-6 1,444 b.d. b.d. b.d. b.d. 0.3381 0.0008 0.6612 l.0001 
PGCOIO-PY2-l 9,380 b.d. b.d. 371 1,664 0.3388 0.0051 0.0001 0.0011 0.655 1.0001 
PGC014-PYl-l 22,762 3,136 b.d. 939 b.d. 0.3373 0.0124 0.0006 0.0003 0.6494 1.0000 
PGC014-PYl-2 43,958 8,906 b.d. b.d. b.d. 0.3280 0.0242 0.0019 0.646 1.0001 
PGC014-PYl -3 27,785 1,465 645 b.d. b.d. 0.3340 0.0151 0.0003 0.0002 0.6504 1.0000 
PGC014-PYl-4 14,180 b.d. b.d. b.d. b.d. 0.3360 0.0076 0.6564 1.0000 
PGC069-PYl-2 11 ,647 b.d. b.d. 379 b.d. 0.3380 0.0063 0.0001 0.6556 1.0000 
Appendix 1.4 
Microprobe Analyses - Pyrite (CSIRO) - PGC128 
x y Au ppm As ppm AJ!:ppm Cu ppm Sb ppm 
Traverse I 
14226 -25655 3134 31501 Ill 5949 67 
14226 -25678 2097 27793 138 4272 35 
14226 -25702 721 26241 66 5306 43 
14226 -25725 1127 31254 34 3980 b.d. 
14226 -25749 860 30545 65 9615 46 
14226 -25772 686 23133 67 7145 3 
14447 -25640 2885 32902 79 4516 65 
14449 -25675 1400 32014 42 3888 b.d. 
14451 -25711 1016 33341 44 7063 60 
14453 -25746 615 22477 23 9679 17 
14455 -25782 949 34086 64 7661 38 
14457 -25817 639 27988 100 9768 59 
14744 -25626 444 17292 74 8158 31 
14737 -25661 483 18723 78 7654 57 
14730 -25697 923 30881 72 7899 b.d. 
- 14723 -25732 715 30510 47 9189 b.d. 
14716 -25768 978 27345 67 7237 b.d. 
14709 -25803 908 28872 109 8546 46 
Traverse 2 
14824 -25548 -165749 93 53376 124 b.d. 
14820 -25552 -171979 716 46101 218 b.d. 
14817 -25557 -122481 14048 32482 1343 63 
14813 -25562 4703 31142 84 4911 65 
14810 -25567 3027 28550 107 6255 89 
14806 -25572 2884 31945 47 4657 b.d. 
14803 -25577 2520 29614 55 4900 b.d. 
14799 -25582 2288 28873 24 4989 b.d. 
14796 -25587 2061 32317 69 5704 56 
14792 -25592 1932 28547 68 5173 34 
14789 -25597 1791 25631 18 5191 b.d. 
14785 -25602 1165 25868 46 4731 b.d. 
14782 -25607 734 22995 I 6763 b.d. 
14778 -25611 568 20949 64 7395 b.d. 
14778 -25611 568 20949 64 7395 b.d. 
Traverse 4 
14824 -25548 -205003 670 50999 222 b.d. 
14820 -25552 -137335 13288 31156 1485 45 
14817 -25557 49997 29143 4124 3887 25 
14813 -25562 2958 27723 84 5859 94 
14810 -25567 2675 29746 105 5189 45 
14806 -25572 2315 28982 48 4734 b.d. 
14803 -25577 2072 27922 50 5017 b.d. 
14799 -25582 1913 29877 80 5336 32 
14796 -25587 1676 28690 72 5353 34 
14792 -25592 1602 25138 2 4842 b.d. 
14789 -25597 1282 24392 49 4867 34 
14785 -25602 671 22348 37 6280 b.d. 
14782 -25607 486 20119 29 7306 b.d. 
14778 -25611 445 18171 99 7262 149 
14775 -25616 390 17911 259 6994 170 
14771 -25621 719 24029 357 5598 38 
14768 -25626 984 31328 53 5007 b.d. 
14764 -25631 801 29904 -9 5090 b.d. 
14761 -25636 571 27036 59 5802 b.d. 
14757 -25641 465 23737 487 6845 26 
14754 -25646 432 21728 532 7386 50 
14750 -25651 411 20685 112 7553 b.d. 
14747 -25656 375 20072 97 7690 b.d. 
14743 -25661 369 19285 72 7554 53 
14740 -25666 344 22557 49 6966 41 
14736 -25670 426 24125 26 7330 31 
Appendix 1.4 
Microprobe Analyses - Pyrite (CSIRO) - PGCl28 
x y Au ppm As ppm A2ppm Cu ppm Sb ppm 
14733 -25675 532 25146 30 8731 b.d. 
14729 -25680 597 25581 56 9916 29 
14726 -25685 614 28407 49 9661 b.d. 
14722 -25690 693 29281 72 8838 b.d. 
14719 -25695 807 29404 26 8326 b.d. 
14715 -25700 793 30765 63 8123 104 
14712 -25705 762 31681 64 8054 174 
14708 -25710 664 30272 137 8526 246 
14705 -25715 670 29387 93 8853 180 
14701 -25720 696 30442 119 8754 46 
14698 -25725 770 31380 19 8406 b.d. 
14694 -25729 761 29157 38 8993 30 
14691 -25734 772 29068 72 9070 37 
14687 -25739 834 28872 86 9135 59 
14684 -25744 818 28699 28 9145 43 
< 
-14680 -25749 872 28899 86 9014 58 
- 14677 -25754 915 28816 125 8692 139 
14673 -25759 925 26787 102 8246 208 
14670 -25764 966 28466 83 8665 91 
14666 -25769 1070 27208 92 8472 138 
14663 -25774 1595 19483 731 6344 550 
14659 -25779 2177 23949 1460 8175 244 
14656 -25784 -62100 18894 18207 6069 85 
14652 -25788 -158654 5364 51842 1663 34 
Traverse 3 
1467.5 -25649 920 19874 154 2985 428 
14670 -25645 1168 28794 30 4108 b.d. 
14665 -25642 1106 31433 78 4396 b.d. 
14661 -25639 1025 32427 51 4598 27 
14656 -25636 1013 32538 79 4735 b.d. 
14652 -25633 979 32325 50 4750 b.d. 
14647 -25629 868 32447 63 4792 25 
14643 -25626 960 32455 33 4906 b.d. 
14638 -25623 934 32593 11 4938 b.d. 
14634 -25620 934 32191 12 4858 b.d. 
14629 -25617 1058 29947 47 4588 30 
14624 -25614 1368 28395 69 3970 b.d. 
14620 -25610 1014 22951 60 4701 b.d. 
14615 -25607 528 17378 43 7171 b.d. 
14611 -25604 545 18736 61 7469 b.d. 
14606 -25601 651 22757 40 7068 b.d. 
14602 -25598 804 25393 41 5797 b.d. 
14597 -25595 987 24959 44 5484 b.d. 
14593 -25591 1282 22791 80 4518 24 
14588 -25588 1524 22078 38 3713 b.d. 
14583 -25585 1822 31290 82 5221 b.d. 
14579 -25582 1906 33215 72 5847 b.d. 
14574 -25579 2069 33098 81 5699 45 
14570 -25576 2154 30919 56 5762 55 
14565 -25572 2222 26707 121 5557 100 
14561 -25569 2428 28452 118 5388 96 
14556 -25566 2894 33279 69 5364 44 
14552 -25563 15488 34070 1171 4759 39 
14547 -25560 -107809 17749 27740 1868 33 
14542 -25557 -162232 1033 48073 220 248 
Telluride Inclusion 
14393 -25773 98 513 86 68 2353 
14713 -25614 324 3980 184 609 1578 
Appendix 1.4 
Microprobe Analyses - Carbonate 
Sample No Fe at.prop. Mn at. prop. Mg at. prop. Ca at. prop. 
PGCOl5-carb- l 0.2085 0.3797 0.1172 0.2946 
PGCOl5-carb-2 0.2319 0.5358 0.0670 0.1653 
PGCOl5-carb-4 0.2209 0.3778 0.1180 0.2833 
PGC015-carb-5 0.2550 0.5379 0.0739 0.1332 
PGCOl5-carb-6 0.2579 0.5315 0.0721 0.1385 
PGCOl5-carb-8 0.1400 0.1529 0.1898 0.5173 
PGCOl5-carb-IO 0.1163 0.1236 0.2591 0.5010 
PGCO 15-carb- l l 0.1063 0.1079 0.2836 0.5022 
PGCO I 5-carb-12 0.0894 0.0961 0.3100 0.5045 
PGCOl5-carb-13 0.0301 0.0500 0.3907 0.5292 
PGC015-carb- 14 0.0240 0.0277 0.4270 0.5213 
PGC015-carb-15 0.0253 0.0235 0.0184 0.9328 
PGC06 l-carb5-2 0.0093 0.3302 0.1752 0.4852 
PGC061 -carb5-3 0.0669 0.3165 0.1579 0.4587 
PGC06 l-carb5-4 0.0195 0.2017 0.2997 0.4791 
PGC061-carb6- I 0.2010 0.0239 0.2447 0.5304 
PGC061-carb5-2 0.1990 0.0276 0.2528 0.5206 
. PGC054-carb4- I 0.0091 0.0130 0.4878 0.4901 
PGC054-carb4-2 0.0076 0.0183 0.4853 0.4888 
PGC054-carb4-3 0.0145 0.0075 0.4807 0.4973 
PGC054-carb5- I 0.0533 0.1187 0.3474 0.4806 
PGC054-carb5-2 0.0303 0.0188 0.4467 0.5042 
PGC054-carb5-3 0.0422 0.0708 0.4023 0.4847 
PGC054-carb5-4 0.0853 0.0805 0.3522 0.4820 
PGC054-carb5-5 0.0588 0.0751 0.3773 0.4888 
PGC054-carb5-6 0.0682 0.0359 0.4038 0.4921 
PGC054-carb5-7 0.0959 0.0874 0.3377 0.4790 
PGC054-carb5-8 0.0574 0.0682 0.3984 0.4760 
PGC054-carb6- I 0.0167 0.0250 0.4647 0.4935 
PGC054-carb6-2 0.0230 0.0079 0.4846 0.4845 
PGC054-carb6c3 0.0096 0.0308 0.4755 0.4841 
PGC037-sp1-carb I 0.0890 0.0947 0.3027 0.5136 
PGC037-sp 1-carb2 0.1812 0.0626 0.2570 0.4992 
PGC037-spl-carb3 0.0912 0.1010 0.2808 0.5270 
PGC037-sp l -carb4 0.1288 0.1012 0.2475 0.5225 
PGC037-sp 1-carb5 0.1621 0.0647 0.2492 0.5240 
PGC037-sp l-carb6 0.1640 0.0835 0.2702 0.4822 
PGC037-sp2-carb I 0.2489 0.0228 0.2366 0.4917 
PGC037-sp2-carb2 0.2363 0.0206 0.1965 0.5466 
PGC037-sp2-carb3 0.1459 0.0156 0.3443 0.4942 
PGC037-sp2-carb4 0.1731 0.0316 0.2488 0.5465 
PGC037-sp2-carb5 0.1718 0.0310 0.2563 0.5409 
PGC037-sp2-carb6 0.1615 0.0227 0.2405 0.5753 
PGC037-sp2-carb7 0.0477 0.1335 0.2513 0.5675 
PGC037-sp2-carb8 0.0703 0.0836 0.3134 0.5327 
PGC037-sp2-carb9 0.1024 0.1217 0.2327 0.5432 
PGC037-sp2-carb I 0 0.1405 0.1169 0.2062 0.5364 
PGC037-sp2-carb 11 0.0476 0.1784 0.1928 0.5812 
PGC037-sp2-carb 12 0.0469 0.0940 0.2886 0.5705 
PGC037-sp3-carb I 0.1529 0.0738 0.2578 0.5155 
PGCA-carb 1-1 0.0273 0.0516 0.3745 0.5466 
PGCA-carbl-2 0.0769 0.0062 0.3732 0.5437 
PGCA-carbl -3 0.0154 0.0839 0.3701 0.5306 
PGCA-carb2- I 0.0784 0.1350 0.2310 0.5556 
PGCA-carb2-2 0.0425 0.0266 0.3756 0.5553 
PGCA-carb2-3 0.0636 0.0911 0.2947 0.5506 
PGCA-carb2-4 0.0715 0.1268 0.2403 0.5614 
PGCA-carb3- I 0.0646 0.1163 0.2598 0.5593 
PGCA-carb3-2 0.0720 0.1689 0.1933 0.5658 
PGCA-carb3-3 0.0760 0.1588 0.2024 0.5628 
PGCA-carb3-4 0.0671 0.1924 0.1766 0.5639 
PGC259-carb2-I 0.0635 0.0948 0.2647 0.5769 
PGC259-carb2-2 0.0842 0.0809 0.2836 0.5513 
PGC259-carb2-3 0.0879 0.1027 0.2768 0.5326 
PGC069-carbl-2 0.2767 0.0114 0.1123 0.5995 
PGC069-carb 1-3 0.2090 0.0363 0.1726 0.5821 
PGC069-carb 1-4 0.2675 0.0197 0.1689 0.5439 
PGC04 l-carb- I 0.0529 0.0047 0.4452 0.4971 
PGC041-carb-2 0.0419 0.0061 0.4457 0.5063 
Appendix 1.4 
Microprobe Analyses - Carbonate 
Sample No Fe at.prop. Mn at. prop. Mg at. prop. Ca at. prop. 
PGC041-carb-3 0.1010 0.0086 0.3892 0.5012 
PGC055-carb-l 0.2866 0.0106 0.7007 0.0020 
PGC055-carb-2 0.3445 0.0137 0.6374 0.0044 
PGC055-carb-3 0.4818 0.0238 0.4800 0.0144 
PGCO 10-carb-1 0.6097 0.1847 0.1888 0.0167 
PGCOlO-carb-2 0.0065 0.0041 0.0111 0.9783 
PGCO 10-carb-4 0.0019 0.0025 0.0046 0.9910 
PGCO 10-carb-6 0.0024 0.0024 0.0095 0.9856 
PGCO 10-carb-7 0.0059 0.0047 0.0069 0.9825 
PGC007c-sp2-1 0.6864 0.1698 0.1372 0.0066 
PGC007c-sp2-2 0.7783 0.1532 0.0503 0.0182 
PGC007 c-sp2-3 0.7756 0.1184 0.0975 0.0085 
PGCO 17-carb2-1 0.0444 0.0093 0.0193 0.9270 
PGC017-carb2-2 0.0161 0.0156 0.0023 0.9660 
PGCOJ7-carb2-3 0.0196 0.0086 0.0029 0.9689 
PGC185-spl-carbl 0.0713 0.0169 0.4106 0.5012 
PGC185-spl-carb2 0.1504 0.0736 0.2758 0.5002 
· ·PGC185-spl-carb3 0.0326 0.0143 0.4563 0.4968 
P(}C185-spl-carb4 0.1 761 0.0696 0.2579 0.4963 
· PGCl85-spl-carb6 0.0707 0.0166 0.4154 0.4972 
PGC185-spl-carb7 0.1704 0.0743 0.2628 0.4925 
PGC185-spl-carb8 0.1710 0.0734 0.2619 0.4937 
PGC185-spl-carb9 0.0705 0.0553 0.3811 0.4931 
PGC185-spl-carb10 0.1623 0.0697 0.2691 0.4989 
PGC185-spl-carbl 1 0.1543 0.0797 0.2752 0.4908 
PGC244-carb-2 0.6978 0.0090 0.2337 0.0595 
PGC244-carb-3 0.7255 0.0095 0.2462 0.0188 
PGC244-carb-4 0.5528 0.0076 0.2589 0.1808 
PGC244-carb-5 0.6759 0.0066 0.2675 0.0500 
PGCl 18-carb-2 0.0030 0.0000 0.0128 0.9842 
PGCl 18-carb-3 0.0038 0.0000 0.0088 0.9874 
PGC 118-carb-4 0.0000 0.0000 0.0087 0.9913 
PGCl 18-carb-5 0.0000 0.0000 0.0062 0.9938 
PGCl 18-carb-6 0.0025 0.0038 0.0097 0.9840 
PGC208-sp 1-carb 1 0.0023 0.0025 0.0104 0.9848 
PGC208-sp3-carb2 0.0764 0.0070 0.4186 0.4980 
PGC208-sp3-carb4 0.0618 0.0217 0.4264 0.4901 
PGC133-spl -carbl 0.0034 0.0076 0.0035 0.9855 
PGC133-spl -carb2 0.0000 0.0057 0.0038 0.9905 
Appendix 2 - Fluid Inclusion Data 
Inclusion# Description l st Movt/ Tmice Tmclath ThC02 Th LY Tmsalt Raman Comments 
T.P.C02 
D Veins 
PGC138c D vein quartz - 22L 36drive 
l a 30µ L-V H20 rich pseudosec -32.0 -5.5 I. I L 160 strong C02 bubble shrinks upon freezing @ - -36 to -47"C 
1 b 30µ L-V H20 rich pseudosec eut.<-30 1.6 L 155 strong C02 ice nucleates @ -40 
le 23µ L-V H20 rich pseudosec -5.4 L 150 ice nucleates @ -36 
Id 12u 3ohas H20L,C02L,V pseudosec -6.5 7.0 0220 
le 15µ L-Y H20 rich pseudosec -5.3 ice nucleates@-35, bubble disappears on freezing, needle shaped daught xt 
If IOµ L-Y H20 rich pseudosec -5.1 
2a 75µ L-V H20 rich secondary -2.5 L 145 strong CH4 ice nucleates @ -31 and bubble shrinks, needle shaped daughter crystal 
2b 30µ L-V H20 rich secondary -2.8 L 143 good CH4, C02 ice nucleates @ -41 and bubble disappears on freezing 
2c 20µ L-V H20 rich secondary -2.8 L 143 I good CH4, C02 ice nucleates @ -41 and bubble disappears on freezing 
3a 10µ L-V H20 rich secondarv -4.4 L 159 
3b 10µ L-V H20 rich secondarv -5.0 L 155 
3c 8µ L-V H20 rich secondarv L 151 
3d 15µ L-V H20 rich secondarv -5.5 L 267 
3e 15µ L-V H20 rich secondarv -5.0 L 145 
3f 12µ L-V H20 rich secondary -3.2 L 145 
3g L-V H20 rich secondary L 110 
7a 12µ L-V H20 rich secondary -4.7 L 205 
7b 8µ L-V H20 rich secondary -4.7 L 170 
7c 6µ L-V H20 rich secondary -4.7 L 199 
7d !Ou L-Y H20 rich secondary -4.7 L 185 
7e 10µ L-V H20 rich secondary -4.7 L 185 
7f 7µ L-V H20 rich secondary -4.5 L 198 
7g 9µ L-V H20 rich secondary -4.5 L 190 
7h L-V H20 rich secondarv -4.5 D 237 
7i 25µ L-V H20 rich secondary L 106 
7j 10µ L-V H20 rich secondary -4.7 
7k 18µ L-Y H20 rich secondary -4.7 L 15 1 
PGC024 D vein quartz - 22L 36 drive 
la 8µ L-V H20 rich secondary -4.2 L 145 
lb 4µ L-V H20 rich secondarv L 137 
1 c 12µ L-V H20 rich secondary -4.2 L 142 
Id 6µ L-V H20 V rich secondary L 375 
le 15µ L-V H20 rich secondary -4.2 L 140 
If 15µ L-V H20 rich secondary -4.6 L 146 
lg 4µ L-V H20 rich secondarv L 137 
lh 5µ L-V H20 rich secondarv L 116 
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Inclusion# Descriotion !st Movt/ Tmice Tmclath ThC02 ThLV Tm salt Raman Comments 
T.P. C02 l ' 
Ii 4u L-V H20 rich secondary L 134 
lj 4u L-V H20 rich secondary L 192 
2a H20 rich oseudosec -5.8 L 162 
2b 11 u H20 rich oseudosec -5.5 L 158 
2c !Ou H20 rich pseudosec -4.9 L 196 
2d 25u H20 rich oseudosec -5.5 L 148 
2e l 2u H20 rich oseudosec -5.5 L 160 
2f H20 rich oseudosec L 138 
2g 6µ 3ohase C02 rich orimary 7.0 L 29.8 L 238 
PGC086b 
laloseudosec. L 173 
I b I oseudosec. L 188 
le I oseudosec. L 189 
Id I oseudosec. L211 
I e l oseudosec. L211 
!fl oseudosec. L201 
Jg I oseudosec. L 173 
I h I pseudosec. L 170 
Ii I oseudosec. L 159 
I k I oseudosec. L 170 
11 1 oseudosec. L 185 
lm I oseudosec. L 190 
PGC126 
1 al oseudosec. L 128 
1 b I oseudosec. L 170 
le I oseudosec. L 125 
Id I pseudosec. L 120 
le i pseudosec. L 153 
!fl pseudosec. L 128 
Jg I pseudosec. 0292 
2al oseudosec. L 133 
2b I oseudosec. L 148 
2c I oseudosec. L 184 
2d I oseudosec. L 162 
2e I oseudosec. L 159 
22 oseudosec. L 157 
2i ; pseudosec. L 134 
2i I nseudosec. L 178 
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Inclusion# Description lst Movt/ Tm ice Tmclath ThC02 Th LY Tm salt Raman Comments 
T.P. C02 
2k I pseudosec. L 186 
A Veins 
PGCA- Avn in And - War 
la 18u L-V H20 rich secondary -4.I after freezing bubble does not return to original position - pos ruptured inc. 
1 b 9u L-V H20 rich secondary -4.3 bubble disappears on freezing @ -40 
le lSµ L-V H20 rich secondary -4.2 bubble shrinks on freezing 
2a 20µ 3phas H20L,C02L,V secondary 28(L) 
2b 32µ L-V H20 rich primary <-14 -4.0 ke nucleates @ -33 bub shrinks 
2c 18µ L-V H20 rich secondary -3.8 bubble disappears on freezing 
2d 23µ L-V H20 rich secondary -3.9 bubble shrinks on freezing 
2e -3 .8 bubble shrinks on freezing 
2f 9µ L-V H20 rich secondary bubble shrinks on freezing 
2g 30u L-V H20 rich secondary -3.9 bubble shrinks on freezing 
PGC226 2cm A vein in int - War 
la 12.Sµ LC02-V-LH20 secondary -S8.2 9.0 
lb 1 I.Su LC02-V-LH20 secondary 9.0 - >18 
le 8.5u L-V secondary 
Id -28u LC02-V-H20 secondary -70.0 8.8 28 strong C02 melting starts at -70 then bubble changes shape @ -S7.3'C 
le - !Ou L-VC02 + LH20 secondary -S7.4 8.4 28 (L) 
2a 24µ V rich secondary -S7.4 8.2 V360 
2b 10µ V rich secondary -S7.3 8.7 v >360 
2c 3 phase L-VC02-LH20 secondary -S6.7 9.8 >2SV 0332 decreoitates @ 328 
2d 3 phase L-VC02-LH20 secondary 9.3 23 0200 
3a 12µ 3 phase pseudosec -S6.6 8.S V>31 L270 
3b 8µ V rich pseudosec 
3c 16µ L rich pseudosec -2.8 L 141 bubble dissappeared on freezing to -38 
3d 10µ L rich pseudosec L 147.5 
3e 6µ L rich oseudosec L lS0.4 
3f 9µ L rich oseudosec L 1S8 
3g 6u L rich oseudosec L 212.5 
3h Su L rich oseudosec L 232.5 
4a 21 u L rich oseudosec -4.2 bubble disappears on freezing 
4b 12u L rich oseudosec -4.2 L 144 
4c 6µ L rich pseudosec L 146 
4d 4µ L rich pseudosec L 180 
4e 10µ L rich pseudosec -S.2 L 194 
4f 9µ L rich pseudosec L21S 
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Inclusion# Description !st Movt/ Tm ice Tmclath ThC02 ThLV Tm salt Raman Comments 
T.P. C02 ? '· 
4g 12u L rich pseudosec -4.5 L 167 
4h L rich pseudosec L 145 
4i L rich pseudosec L 162 
4j L rich pseudosec L 145 
4k L rich pseudosec L 145 
41 L rich pseudosec L 136 
4m L rich pseudosec L248 
PGC335 2cm Qtz PY vein in intrusive 
la Su L-V rich primary L 297.5 
I b 12u L-v rich primary L 317.5 
le 6µ L rich pseudosecondary L 117 
Id 5µ L rich pseudosec L 179 decrepitates 270 
I e 7µ L rich pseudosec L305 
l f L rich pseudosec L 134 
l g L rich pseudosec L 168 
lh 13u L-V pseudosec L 190 decrepitates 270 
l i 12u 3 phase C02 rich pseudosec L27.2 0270 contains a green prismat crystal + possibly hydrous Fe chloride 
Ii 13u 3 phase C02 rich pseudosec L 27 0270 
lk L-V rich pseudosec L 287.5 
PGC345 Rambari qtz sphal rich vein 
I a 24u L rich secondarv -2.0 L 127 signs of melting at -28 
lb I 9u L rich secondarv -2.0 L 129.5 -all bubbles in this group of inclusions disappear 
le !Ou L rich secondarv L 122.4 before freezing but re-appear before Tmice 
Id 8u L rich secondary L 123 
I e l 8µ L rich secondary -2.0 L 126 
l f L rich secondary L 134 
lg L rich secondary L 123.8 
I h !Ou L rich secondarv L 91 
Ii 20u L rich secondarv -2.2 L 126 
2a IOU L-V primary -4.6 L295 
2b 13µ V rich primary 5.0 L395 
2c 6µ L-V primary L289 
2d 16µ L rich primary L275 
2e L rich pseudosec L 162 
2f L rich pseudosec L275 
2g L-v pseudosec 
2h 14µ L rich pseudosec L 190 
Appendix 2 - Fluid Inclusion Data 
Inclusion# Description ! st Movt/ Tm ice Tmclath ThC02 Th LV Tmsalt Raman Comments 
T.P. C02 i ' 
PGC338- 2cm A vein in intrusive 
la 20µ L-V - wierd shape L 112 0>300 bubble disaooears on freezing and did not return 
2a 12.5µ L-V-H brine secondary both.brine+ V rich FJ's along fracture 
2b 12.5u L-V-H brine secondary 
2c 10µ L-V-H brine secondary L 119 0317 
2d 9µ V rich secondary lgoodC02 
2e 6µ V rich secondary mnC02 
2f 6µ V rich secondary 
2g 6µ V rich secondary 
2h I Ou L-V H20 rich secondary 
2i 6u L- V-H brine secondary L213 0368 not detected 
2j 4µ L-V-H brine secondary L239 0351 
2k I 4u L-V rich secondary L 435? prob trapped as a L-V mixture -POssible decrepitation/leak before meas. 
3a l 2u L-V H20 rich secondary 
-3.0 L 149 D bubble disappears on freezing @ -30 
3b I 2µ L-V H20 rich secondary L 140 bubble disappears on freezing @ -41 
3c 12µ L-V H20 rich secondary D 128 bubble disappears on freezing @ -30 
3d 11.5µ L-V H20 rich secondary -3.3 L 151 
WANGIMA 
PGC355-sphal sphalerite - Wan2ima 
la 45u L-V H20 rich secondary -21.0 -2.3 139 bubble disappears on freezing @ -40 but renucleated in time 
lb 60u L-V H20 rich secondary -2.3max bubble disappears on freezing @ -39 +no renuc - metastab ice 
I c 40u L-V H20 rich secondary -20.0 -2.lmax 173 bubble disappears on freezing @ -38 +no renuc - metastab ice 
Id 18u L-V H20 rich secondary 2.3meta «161 bubble disappears on freezing @ -40 + no renuc - metastab ice 
1 e ??µ L- V H20 rich secondary -27.0 -11.9 large vaPQur bubble 
If 50µ L-V H20 rich secondary -l.8max bubble disappears on freezing @ -38 + renuc - metastab ice 
2a 36µ L-V H20 rich secondary L 116 
2b 45µ L-V H20 rich secondary L 118 
2c 48µ L-V H20 rich secondary L 124 
2d 33µ L-V H20 rich secondary L 125 
2e 90µ L-V H20 rich secondary L 125 
2f 90u L-V H20 rich secondary >>153 this inclusion has possibly necked and is not norm V ratio 
PGC351 v2v quartz mat - Wan2ima 
la 33µ L-V secondary -40.0 -6.4 3.7 0202 bubble shrinks on freezing; decrepitates @ 199-C during Th run 
lb 14µ L-V secondary 162 bubble shrinks on freezi ng @-45 
I c 18µ L-V secondary -6.9 L235 bubble shrinks on freezing @-45 + doesn't renuc 
Id 24µ LC02-V-LH20 -57.0 6.5 27.2 (L) 0>200 not detected 
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Inclusion# Description lstMovt/ Tm ice Tmclath ThC02 ThLV Tmsalt Raman Comments 
T.P.C02 
BRINE VESICALS 
PGC133 vesicles in hbDi Prv - 22L69x/c 
la llµH-L-Vbrineprimary 3 salt daughters and possible sulphide bleb 
lb not detected 
Id 7µ H-L-V brine D 124 
2a 11.5µ H-L-V brine primary 3 salt daughters and possible sulphide bleb 
2b 6µ L-V secondary V bubble disanoears on freezing and didn't renucleate 
2c 9µ L-V secondary -30.0 -15.2 L 106 bubble disappears on freezing but reaooears on heating 
2d 7µ H-L-V primary 475 !Possibly 3 daughters 
2e 6µ H-L-V brine primary L262 395 appears to nucleate 2 daughters on cooling 
2f 9µ H-L V brine primary L271 420 
3a 10.5µ H-L-V brine primarv L 188 0300 not detected 2 salt Phases 
3b 11.5µ H-L-V brine primary 
3c brine inclusion Ca-Mn(?) carbonate 
BRINE VEINLETS 
PGC148a 
Raman la -30µ V rich inclusion in carbonate 2 good C02 peaks 
2a 14µ brine incl w sev daught L 115 0260 
2b V rich inc w small op daught 0400 
2c 16µ brine inc. leaked 
2d 7µ brine inc didn't renucleate V bubble after I st run + cooling to -45 
2e 10µ brine inc L322 >500 >500 !st salt phase diss by 150 
2f brine inc almost all daught 0300 
2g brine inc 4 daughters L 185 >500 
2i 12µ brine inc. L 144 >500 
2j brine inc. L157 230 large green parallelogram possibly hydrated FeCl 
PGC152 
Raman la V rich inclusion primary not detected 
Raman lb V rich inclusion primary mnC02 
Raman 2a C02 rich 3phase secondarv(psuedo?) majorC02 
Raman3a large brine inclusion CP detetected 
la 12µ H-L-V brine primary L299 100468 
lb 10µ H-L-V brine primary D 350 
le 10µ H-L-V brine primary L410 >500 
Appendix 3 - Porgera Sample List 
Location RL's Mine Grid - Mine Grid- Description Pellet# Comments 
Easting Northing 
PGC-A E sd of ent to War 2620 21990 11467 A vn in "andesite" 
PGC003 36L 27x/c 22270 11321 vuggy qtz in main calcite vn in RMF 
PGC004 36L 27x/c 22270 11321 calcite breccia vein in bkSh 
PGC005 36L 27x/c 22270 11321 D vein breccia in RMF 
PGC006 31L 33x/c 22330 11360 D vein qtz - roscoelite in hbDi this is from N end of x/c along E wall 
PGC007 31L 30x/c 22300 11356 D vein in hbDi 
PGC008 22LM126 22165 11333 section through M126 
PGC009 22LM126 22165 11333 D vein M126 - Au and telluride 
PGCOlO 22LM126 22130 11340 D vein q-roscoelite in hbDi 
PGCOll 22LM126 22130 11340 D vein M126-below PGC008 same location as PGC008 
PGC012 War NW wall 2700 21990 11507 A vein in calcareous sediment 
PGC013 Waruwari 2610 22190 11357 strongly altered crackle breccia 
PGC014 22LM126 22150 11330 pyritic material from Ml26 vein 
PGC015 3 l-36L incline 2250 22450 11430 A vein in intrusion 
PGC016 36L 27x/c 36270 11325 breccia vein with gypsum matrix 
PGC017 22LM126 22130 11340 M126vein 
PGC018 Waruwari 2700 21950 11520 fine grained hbDi 
PGC019 Waruwari 2660 22101 11421 fine grained Gb GCD-1. 
PGC020 Waruwari 2610 22190 11357 crackle breccia/ A veinrich 
PGC021 Waruwari 2610 22190 11357 crackle breccia 
PGC022 22L 39x/c 22390 11350 D vein in alt Sed 
PGC023 22L42x/c 22420 11351 comp grab of D vein breccia vuggy qtz good FI material ie vuggy 
PGC024 22L 36drive 22360 11358 comp grab of Dvn vgy qtz in alt Sed good FI material ie vuggy 
PGC025 22L 37x/c 22370 11285 calcite vein in RMF section 
PGC026 22L 37x/c 22370 11285 calcite vein in RMF section 
PGC027a 22L 37x/c 22370 11285 calcite vein in RMF section 
PGC027b 22L 37x/c 22370 11285 calcite vein in RMF section 
PGC028 22L 37x/c 22370 11285 calcite vein in RMF section 
PGC029 22L 37x/c 22370 11285 breccia with calcite matrix 
PGC030 22L 37x/c 22370 11285 breccia with calcite matrix 
PGC031 22L 37x/c 22370 11285 breccia with calcite matrix 
PGC032 22L 37x/c 22370 11285 brecciated altSed with calcite matrix 
PGC033 22L Ml26 22140 11333 D veinM126 
PGC034 22LM126 22140 11333 D vein M126 
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Location RL's Mine Grid - Mine Grid- Description Pellet# Comments 
Easting Northing 
PGC035 22L Ml26 22140 11325 massive gypsum vein 
PGC036 22LM126 22140 11328 breccia with gypsum matrix 
PGC037 Waruwari 2620 22170 11438 5cm A vein in bkSh 
PGC038 War lmEof37 2620 22170 11438 bkSh GCD-2 (86) weak effervescence in HCI 
PGC039 Waruwari 2620 22140 11417 4cm A vein in bkSh 
PGC040 Waruwari 2641 22125 11432 AID vein from Gb boulder 
PGC041 Waruwari 2641 22125 11432 Gb HR next to A vn 
PGC042 Waruwari 2620 22125 11412 Gb bid chloritic GCD-3 
PGC043 Waruwari 2651 22070 11352 A vn/breccia 115 • structure 
PGC044 Waruwari 2642 22140 11447 lOcm A vein in bkSh 
PGC045 Waruwari 2620 21990 11467 7cm A vein in bkSh 
PGC046 22L 15x/c 22150 11265 FWBreccia-altsedclast w gypsum+cc mtx 
PGC047 Waruwari 2620 21970 11490 9cm A vein in calcareous Sed 
PGC048 Waruwari 2700 21960 11507 grab from hbD GCD4 w pink/red xenocryt and, tiny vnlts left in crush 
PGC049 Waruwari 2610 22230 11273 crackle Breccia - fg siliceous mtx 
PGC050 Waruwari 2610 22230 11273 crackle breccia with fine qvnlts 
PGC051 Waruwari 2610 22230 11273 crackle breccia 
PGC052 Waruwari 2610 22230 11273 crackle breccia with 3-4 cm qv 
PGC053 Waruwari 2610 22230 11273 crackle breccia 
PGC054 Waruwari 2660 22070 11428 A vein in Gb - lOcm 
PGC055 Waruwari 2660 22070 11428 Gb adjacent to A vein GCD-5 
PGC056 Waruwari 2660 22070 11428 less altered Gb GCD-6 
PGC057 Waruwari 2609 22280 11313 relatively fresh hbDi GCD-7 (87) 
PGC058 Waruwari 2610 22230 11273 strongly altered hbDi GCD-8 
PGC059 Waruwari 2610 22250 11282 hbDi with calcite filled vesicles GCD-9 
PGC060 Waruwari 2610 22240 11282 intense altered hbDi GCD-10 
PGC061 Waruwari 2610 22160 11177 A vein in hbDi 
PGC062 Waruwari 2610 22160 11177 strong altered hbDi GCD-11 carb qtz + rnn sph in xcutting vein 
PGC063 Waruwari 2610 22160 11177 hbDi next to A vein GCD-12 (88) 
PGC064 Waruwari 2610 22170 11172 rel fesh hbDi GCD-13 
PGC065 25LM126 22135 11330 D vein breccia 
PGC066 25LM126 22135 11330 D vein breccia 
PGC067 25LM126 22135 11330 D vein breccia 
PGC068 25LM126 22135 11330 altered sediment HR next to D vn GCD-14 py rich near vn - most cc stgrs removed 
PGC069 25LM126 22135 11333 AID vein breccia 
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PGC070 25LM126 22135 11333 D vein breccia visible Au_ 
PGC071 25LMI26 22135 11333 alt Sed HR with A+D vnsl-3% diss py GCD-15 
PGC072 25LMl26 22140 11339 laminated AID vein w hbDi host rock 
PGC073 25LMl26 22140 11339 AID - Dvein intersect. 
PGC074 25LMl26 22140 11339 altered hbDi next to AID vein 
PGC075 25LMI26 22150 11339 massive D vn q-ros-py 
PGC076 25LMI26 22150 11339 Dvn/calcbx 
PGC077 25LMI26 22150 11339 staltered hbDi selvege next to D vein GCD-16 
PGC078 25L M126 22140 11339 hbDi rel fresh next to 074 GCD-17 (89) abundant thin vnlts (could not remove them all) 
PGC079 Waruwari 2650 22000 11290 late breccia 
PGC080 Waruwari 2650 22000 11285 !cm A vein+ altered hbDi 
PGC081 Waruwari 2650 22000 11285 altered hbDi selvege to A vein GCD-18 
PGC082 Waruwari 2650 22000 11285 porphyritic hbDi GCD-19 
PGC083 Waruwari 2651 22050 11195 hbDi GCD-20 Gb with several thin pyrite stringers 
PGC084a Waruwari 2651 22050 11195 20 cm vein breccia with qtz + mt mtx 
PGC084b Waruwari 2651 22050 11195 21 cm vein breccia with qtz +mt mtx 
PGC084c Waruwari 2651 22050 11195 22 cm vein breccia with qtz +mt mtx 
PGC085a 25L37x/c 22370 11400 l-5cm D vein 
PGC085b 25L37x/c 22370 11400 l-5cm D vein 
PGC085c 25L37x/c 22370 11400 l-5cm D vein 
PGC086a 25L37x/c 22370 11357 A-D intersection - visible Au 
PGC086b 25L37x/c 22370 I 1357 A-D intersection - visible Au 
PGC087 25L37x/c 25370 11362 AID vein 
PGC088 Waruwari 2610 22160 11160 10 cm AID vein 
PGC089 Waruwari 2610 22140 11200 black shale breccia vein 
PGC090 Waruwari 2610 22140 11200 black shale breccia vein 
PGC091 Waruwari 2610 22140 11200 hbDi selvege to PGC089 GCD-21 intensley altered sulphide rich 
PGC092 Waruwari 2610 22140 11200 hbDi 4m from PGC089 GCD-22 (90) 
PGC093 31L36x/c 22360 11283 qtz-roscoelite breccia 
PGC094 31L36x/c 22360 11290 qtz-roscoelite breccia 
PGC095 31L36x/c 22360 11291 D vn Breccia-frags of early fg qtz matrix hosted in intrusive - prob. fdPry 
PGC096 31L36x/c 22360 11285 fdPry from lg breccia fragment GCD-23 contains mn very thin qtz vnlts - (could not remove them all) 
PGC097 31L36x/c 22360 11302 Gb "fresh" GCD-24 
PGC098 31L36x/c 22360 11302 strong altered fdPry GCD-25 contains verv fine dol stgrs/stkw 
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PGC099 28L75x/c 22750 11343 10-20 cm D vn breccia 
PGClOO 28L75x/c 22750 11335 2-5 cm fine grained qtz-rosc vein 
PGClOl 28L75x/c 22750 11335 green clay selvege along Dvn 
PGC102 28LFWBypass 22380 11400 20cmA!Dvn 
PGC103 28LFWBypass 22390 11405 hbDi selvege toAvn contains many D vnlts 
PGC104 28LFWBypass 22390 11405 Andesite - "fresh" GCD-26 (91) sild And? with xenoliths of more mafic material 
PGC105 28LFWBypass 22390 11399 1 cm qtz-carb-gypsum vein 
PGC106 28LFWBypass 22380 11400 D vein material from AID vein 
PGC107 Waruwari 2650 22060 11236 hb Di altered selvege of A vein GCD-27 
PGC108 Waruwari 2560 22060 11236 hbDi I.Sm from A vein GCD-28 
PGC109 Waruwari 2642 22050 11357 lcm A vein in Ls 
PGCllO Waruwari 2700 21920 11546 Ls 
PGClll Waruwari 2662 21970 11453 5 cm A vn +alt selvege contains only py and sph - almost no qtz +carbonate 
PGC112 Waruwari 2662 21970 11453 3 cm slevege to A vn hosted in limestone 
PGC113 36L27x/c 22270 11348 3 cm fg qtz D vn 
PGC114 36L27x/c 22270 11346 strongly altered hbDi GCD-29 
PGC115 36L27x/c 22270 11345 1 cm D vn 
PGC116 36L27x/c 22270 11348 D vn breccia 
PGC117 36L27x/c 22270 11338 hbDi-"fresh "/cpxDi(Gb) GCD-30 -Scm of alt selvedge (dk gy mat) about a thin cc vnlt 
PGC118 36L27x/c 22270 11334 hornfelsed altered Sediment GCD-31 (92) most qtz vnlts removed for crush 
PGC119 36L27x/c 22270 11330 carbonate vein breccia 
PGC120 36L27x/c 22270 11330 vuggy qtz vein breccia 
PGC121 36L27x/c 22270 11326 qtz-rosc breccia 
PGC122 36L49x/c 22490 11360 10 cm laminated A vein 
PGC123 36L49x/c 22490 11360 altered Gb selvege next to A vein 
PGC124 36L49x/c 22490 11360 altered Gb selvege 
PGC125 36L49x/c 22490 11355 Gb-"fresh" GCD-32 
PGC126 36L49x/c 22490 11357 3cmDvn 
PGC127 36L49x/c 22490 11355 calcite rich Dv ein breccia/veinlets 
PGC128 36L49x/c 22490 11334 D vn breccia in RMF 
PGC129 22L76x/c 22760 11330 2-3 cm D vein breccia 
PGC130 22L76x/c 22760 11327 D vein breccia late blue carbonate (calcite) 
PGC131 22L76x/c 22760 11330 D vein breccia 
PGC132 22L76x/c 22760 11335 alt Sed GCD-33 2-3% diss py 
PGC133 22L69x/c 22760 11330 hbDi porphyry GCD-34 
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PGC134 Waruwari 2610 22130 11212 alt hbDi bkSh - crackle breccia 
PGC135 Waruwari 2610 22130 11212 black shale breccia vein 
PGC136 War.WnHghwll 2680 21940 11175 D vein in alt Sed on top of Western High Wall 
PGC137 22L36drive 22360 11350 vuggy D vein breccia 
PGC138 22L36drive 22360 11350 vuggy D vein breccia 
PGC139 25L28x/c-RFZ 22280 11290 qtz-rosc breccia - bkSh frags? 
PGC140 25L34x/c 22340 11295 alt Sed w abundant thin qtz vnlts 
PGC141 25L34x/c 22340 11309 calcareous Sed 
PGC142 P583-127.2m 2mm qtz vnlt in bkSh mn rose 
PGC143 P531-66.0m qtz-carb-rosc-Au in bkSh 
PGC144 40L33x/c 22330 11374 2xlcm laminated D vnlts in Di 
PGC145 40L33x/c 22330 11370 hbDi GCD-35 (93) 
PGC146 40L33x/c 22330 11365 D vn breccia in hbDi 
PGC147 40L33x/c 22330 11365 st weathered/altered hbDi GCD-36 
PGC148 40L33x/c 22330 11340 alt+ bleached hnfls with abundant Dvnlts vnlts contain disseminated pyrite 
PGC149 40L33x/c 22330 11348 bk hnfls with thin rose vnlts 
PGC150 40L33x/c 22330 11340 hnfls with stockwork vnlts 
PGC151 40L33x/c 22330 11364 1 cm A vn with selvege 
PGC152 40L33x/c 22330 11335 alt hnfls Seds w qtz-rosc vnlts 
PGC153 40L33x/c 22330 11338 fdPry GCD-37 
PGC154 28L8lx/c 22810 11340 altSed 
PGC155 P532 - 922.Sm-923 .5 1670 22300 11290 bkSh-Chim GCD-38 strong effervescence in HCl**calcite 
PGC156 P572 160.15-161.15n 2200 23150 11300 BkSh-Chim GCD-39 strong effervescence in HCl**calcite 
PGC157 28L81x/c 22810 11370 B-D intersection vis Au and telluride 
PGC158 28L8lx/c 22810 11370 D vein next to B-D intersection very small sample 
PGC159 28L81x/c 22810 11368 qtz-pyrite rich B vein next to dyke 
PGC160 28L81x/c 22810 11368 2xl-2 cm py vns in alt Sed 
PGC161 28L81x/c 22810 11360 incipient altSed GCD-40 
PGC162 28L81x/c 22810 11356 2-4 cm D vn very crumbly 
PGC163 28L8lx/c 22810 11356 al tSed HR next to vn above stronlgy silicified and altered 
PGC164 28L8lx/c 22810 11356 1-2 cm dolomite vn in altSed 
PGC165 28L8lx/c 22810 11329 altSed GCD-41 
PGCl66 28L8lx/c 22810 11328 D vn breccia in alt Sed 
PGC167 28L81x/c 22810 11321 bkSh -from HW of RFZ GCD-42 
PGC168 28L8lx/c 22810 11323 FW breccia 
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PGC169 25L34x/c 22340 11276 1-2 cm A vn in bkSh 
PGC170 25L34x/c 22340 11283 bkSh GCD-43 
PGC171 28L2lx/c 22210 11268 fdPry w xenocrysts GCD-44 (94) 
PGC172 28L34x/c 22340 11262 "altSed" with A vn cut by gypsum vn 
PGC173 31L34x/c 22340 11382 Dvn inDi 
PGC174 31L34x/c 22340 11382 q-rosc-py material cutting A vn 
PGCl75 31L34x/c 22340 11382 D vn breccia 
PGC176 31L34x/c 22340 11382 AID vn w alt selvege 
PGC177 31L34x/c 22340 11365 D vn/breccia in hbDi hostrock GCD-45 weathered ?? 
PGC178 31L34x/c 22340 11368 rel. fresh hbDi GCD-46 
PGC179 31L34x/c 22340 11362 hbDi GCD-47 
PGC180 31L34x/c 22340 11368 AID vn in hbDi 
PGC181 31L34x/c 22340 11360 Dvn inhbDi GCD-48 
PGC182 31L34x/c 22340 11355 A vn inhbDi 
PGC183 31L34x/c 22340 11346 hbDi very fresh GCD-49 (95) 
PGC184 31L34x/c 22340 11348 hbDi igneous layering 
PGC185 31L34x/c 22340 11343 D vnbreccia vuggy with Au 
PGC186 31L34x/c 22340 11337 st indurated altSed mottled grey+beige GCD-50 hornfelsed 
PGC187 31L34x/c 22340 11343 vuggy qtz from 185 
PGC188 31L45x/c 22450 11265 bkSh GCD-51 
PGC189 Waruwari 2680 22050 11442 bkSh with A+B vns 
PGC190 Waruwari 2703 22060 11492 bkSh with B vnlts 
PGC191 Waruwari 2703 22040 11506 hornfelsed bkSh w A vns 
PGC192 Waruwari 2703 22030 11574 incipient altSed 
PGC193 22L8lx/c 22810 11345 altSed GCD-52 
PGC194 22L8lx/c 22810 11336 altSed/Gb contact 
PGC195 22L8lx/c 22810 11338 altSed 
PGC196 22L81x/c 22810 11330 altSed 
PGC197 22L8lx/c 22810 11322 hornfelsed-altSed next to Intrusive 
PGC198 22L81x/c 22810 11318 rel fresh Gb GCD-53 (96) could not remove all veinlets 
PGC199 22L8lx/c 22810 11318 st alt Gb riddled with D vnlts 
PGC200 22L8lx/c 22810 11312 Dvn breccia 
PGC201 22L8 lx/c 22810 11314 breccia along contact altSed/Gb 
PGC202 22L8lx/c 22810 11315 altSed 
PGC203 22L81x/c 22810 11314 Gb with calcite vn + alt selvege 
Appendix 3 - Porgera Sample List 
Location RL's 
Mine Grid- Mine Grid -
Description Pellet# Comments Easting Northing 
PGC204 22L8lx/c 22810 11313 rel fresh Gb GCD-54 
PGC205 22L81x/c 22810 11305 staltGb GCD-55,56,5 broken into 3 separate samples a, b, and c 
PGC206 22L8 lx/c 22810 11305 D vn with yellow sphalerite 
PGC207 22L81x/c 22810 11302 bkSh GCD-58 
PGC208 22L81x/c 22810 11320 mt-py vn 
PGC209 22L81x/c 22810 11323 mt-py vn cut by D vnlts 
PGC210 22L81x/c 22810 11323 Gb with D vn stockwork 
PGC211 22L8 lx/c 22810 11312 altSed with orange sphalerite vein 
PGC212 25L43stope massive mt vein comes from anywhere between 25 and 28L 
PGC213 22L81x/c 22810 11360 altSed HR to D vein 
PGC214 22L81x/c 22810 11360 D vein in altSed 
PGC215 Waruwari 2610 22260 11387 crackle breccia 
PGC216 Waruwari 2610 22250 11390 altSed GCD-59 vnlts removed for crush 
PGC217 Waruwari 2570 22210 11383 bldr of stronly silicified "And" w free Au 
PGC218 Waruwari 2570 22200 11340 bkSh GCD-60 
PGC219 Waruwari 2570 22190 11372 grungy bkSh GCD-61 
PGC220 Waruwari 2570 22200 11374 A vn material in bkSh mostly py 
PGC221 Waruwari 2610 22215 11285 rel fresh hbDi GCD-62 
PGC222 Waruwari 2610 22140 11266 !Ocm laminated qvn in hbDi all vnlts cut out 
PGC223a Waruwari 2610 22140 11266 althbDi GCD-63 imm next to vn ie 2-8cm 
PGC223b Waruwari 2610 22140 11266 althbDi GCD-64 (98) 8-16cm from vein 
PGC224 Waruwari 2610 22140 11266 rel fresh hbDi GCD-65 
PGC225 Waruwari 2610 22140 11266 crackle breccia 
PGC226 Waruwari 2610 22140 11311 2 cm A vn w 5-10 cm alt halo 
PGC227 Waruwari 2610 22140 11324 cataclasite/crackle breccia 
PGC228 Waruwari 2610 22140 11348 hbDi 
PGC229 Waruwari 2610 22200 11300 rubble of crackle breccia 
PGC230 19L42x/c 22420 11297 D vn bxl0-20 cm in altSeds 
PGC231 19L42x/c 22420 11293 altSed grey and beige mottled GCD-66 crush contains-2% diss py 
PGC232 19L42x/c 22420 11277 fresh hbDi GCD-67 cut by abundant pyrite vnlts (couldn't cut them all out) 
PGC233 19L42x/c 22420 11300 rubble of silicified altSed GCD-68 (99) with vntls of various stages ie B and D 
PGC234 19L42x/c 22420 11318 well indurated altSed ab thin gy py stg GCD-69 thin gy py stgrs included in crush 
PGC235 25L2lx/c 22210 11308 st althbDi GCD-70 
PGC236 25L2lx/c 22210 11309 rel fresh hbDi GCD-71 all vnlts removed 
PGC237 25L2lx/c 22210 11307 st alt hbDi GCD-72 (100) 
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PGC238 25L2lx/c 22210 11308 grungy breccia zone mostly clay and qtz 
PGC239 28L16x/c 22160 11304 altSed GCD-73 pulp contains-2%disspy 
PGC240 28L16x/c 22160 11302 laminated breccia and carb veins in RFZ 
PGC241 28L16x/c 28160 11288 st alt fdPry GCD-74 contains ab vnlts but most were cut out for crush 
PGC242 22L36x/c 22360 11310 bkSh GCD-75 cut by ab thin brown stgrs (Fecarb ?) 
PGC243 22L36x/c 22360 11310 incipient alt bkSh 
PGC244 22L36x/c 22360 11342 grey altSed GCD-76 most vntls removed for crush 
PGC245 22L42x/c N 22420 11350 Dvn 
PGC246 22L40x/c N 22400 11343 A-Dvn 
PGC247 22L40x/c N 22400 11350 Dvein 
PGC248 22L39x/c N 22390 11340 A vein mat from A-D vein late chalcedonic quartz 
PGC249 22L39x/c N 22390 11340 D vein mat from A-D vein 
PGC250 22L43x/c N 22430 11340 D vein breccia 
PGC251 22L43x/c N 22430 11340 hornfelsed altered Sediment GCD-77 (101) 
PGC252 Pebble Breccia between 28 +38L, 41+45 cross cut 
PGC253 25L37x/c 22370 11357 A vein 
PGC254 25L37x/c 22370 11357 Dvein 
PGC255 25L37x/c 22370 11357 D vein with A intersection 
PGC256 25L37x/c 22370 11357 D vein 
PGC257 25L37x/c 22370 11357 A-D intersection 
PGC258 25L37x/c 22370 11357 D vein material 
PGC259 25L37x/c 22370 11357 alt Sed mottled GCD-78 
PGC260 25L37x/c 22370 11356 alt Sed ab thin gy py stgrs rusty 
PGC261 28L75x/c 22750 11336 altSed - wk rusy weathering GCD-79 remove py stgrs before crushing 
PGC262 Waruwari 2660 21980 11348 A vn in calc Sediment 
PGC263 Waruwari 2660 21980 11348 calc Sed host to above A vn 
PGC264 Waruwari 2650 21880 11450 crumbly calcareous bk Shale GCD-80 
PGC265 Waruwari 2650 21910 11457 bk Shale GCD-81 (102) 
PGC266 36L33x/c 22330 11275 breccia vn with fg black siliceous matrix 
PGC267 36L33x/c 22330 11277 D vn subll + adj to above breccia vein 
PGC268 36L33x/c 22330 11278 rel fresh And/Di with calcite stgrs GCD-82 remove calcite stringers before crushing 
PGC269 36L33x/c 22330 11282 alt And/Di near D vns/vnlts 
PGC270 36L33x/c 22330 11282 bkSh breccia next to contct with And/I GCD-83 very sulphidic (fine grained) and looks sheard 
PGC271 36L33x/c 22330 11287 bkSh breccia with ab calc and py vnlts GCD-84 same as above 
PGC272 36L33x/c 22330 11297 dk grey siliceous material-HWSplay Zn 
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PGC273 36L33x/c 22330 11298 rusty breccia zone-HW Splay Zone 
PGC274 36L33x/c 22330 11300 comp grab from qtz-rich mat 
PGC275 36L33x/c 22330 11306 altSed GCD-85 (103 indurated altSed - vnlts removed before crushing 
PGC276 36L33x/c 22330 11304 fdPry with grey pyrite stringers 
PGC277 36L33x/c 22330 11301 st alt + veined fdPry w ab py stgrs 
PGC278 36L33x/c 22330 11303 fdPry with D vnlts 
PGC279 36L33x/c 22330 11304 A vn in fdPry 
PGC280 18L8lx/c 22810 11300 D vein material with yellow sphal in footwall of Roamane Fault 
PGC281 NthHighwall - 2660bench 22050 11608 well bedded bkSh no deformation no veining - calcite along fractures 
PGC282 NthHighwall - 2660bench 22055 11615 well bedded bkSh calcareous, no deformation but with calcite vnlts 
PGC283 NthHighwall - 2660bench 22060 11619 deformed grungy bkSh 
PGC284 NthHighwall - 2660bench 22065 11631 well bedded bkSh calcite along fractures, rnn sulphide and calcite vnlts 
PGC285 NthHighwall - 2660bench 22095 11635 lOcm zone of Soll bkSh breccia contains moderately effervescing carbonate vnlts 
PGC286 NthHighwall - 2660bench 22100 11648 deformed grungy bkSh calcite along fracts 
PGC287 NthHighwall - 2660bench 22110 11660 mod deformed bkSh very calcareous 
PGC288 NthHighwall - 2660bench 22110 11660 deformed grungy bkSh more intense deformed than 287 - mn calcite 
PGC289 NthHighwall - 2660bench 22120 11670 deformed grungy bkSh calcite along fracts and in clots 
PGC290 NthHighwall - 2660bench 22125 11675 deformed bkSh calcite along fracts 
PGC291 NthHighwall - 2660bench 22150 11675 deformed grungy bkSh no fizz 
PGC292 NthHighwall - 2660bench 22155 11670 bkSh next to dyke no fizz 
PGC293 NthHighwall - 2660bench 22155 11670 bkSh next to dyke no fizz 
PGC294 NthHighwall - 2660bench 22170 11675 mod deformed bkSh calcareous - B vns with calcite 
PGC295 NthHighwall - 2660bench 22190 11676 bkSh calcite along fracts 
PGC296 NthHighwall - 2660bench 22200 11678 bkSh calcite vnlts 
PGC297 NthHighwall - 2660bench 22205 11675 indurated bkSh calcareous pyritic 
PGC298 NthHighwall - 2660bench 22215 11674 indurated bkSh -45cm from A vein wk-mod calcareous, mn cc and py vnlts 
PGC299 NthHighwall - 2660bench 22215 11674 bkSh next to A vein no fizz but up to 2% py 
PGC300 NthHighwall - 2660bench 22220 11677 bkSh next to main intrusive body calcite along fracts - pyritic 
PGC301 NthHighwall - 2660bench 22050 11614 2-4mm calcite vnlt in bkSed 
PGC302 NthHighwall - 2660bench 22060 11617 diss B vein - lOcm in bkSh 
PGC303 NthHighwall - 2660bench 22060 11618 !cm A vein in bkSh 
PGC304 NthHighwall - 2660bench 22060 11618 calcite from above veins 
PGC305 NthHighwall - 2660bench 22060 11620 round py clot in bkSh contains both fg and cg pyrite 
PGC306 NthHighwall - 2660bench 22065 11630 Soll py+dol horizon 
PGC307 NthHighwall - 2660bench 22095 11636 !cm B vn in bkSh 
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PGC308 NthHighwall - 2660bench 22100 11648 pyritic horizon in bkSh 
PGC309 NthHighwall - 2660bench 22100 11650 discordant pyritic material 
PGC310 NthHighwall - 2660bench 22110 11665 lcm A vn in bkSh 
PGC311 NthHighwall - 2660bench 22110 11665 lmm Bvn in bkSh 
PGC312 NthHighwall - 2660bench 22025 11675 B vnlt 
PGC313 NthHighwall - 2660bench 22060 11675 Bvnlt 
PGC314 NthHighwall - 2660bench 22170 11675 2-4 cm Avn in bkSh next to Dk 
PGC315 NthHighwall - 2660bench 22170 11674 lcm Bvn in bkSh 
PGC316 NthHighwall - 2660bench 22185 11677 5-8cm A vn in bkSh 
PGC317 NthHighwall - 2660bench 22195 11676 2mm B vnlt in bkSh 
PGC318 NthHighwall - 2660bench 22205 11677 3mm Bvnlt in bkSh 
PGC319 NthHighwall - 2660bench 22210 11675 lcm A vein in bkSh 
PGC320 NthHighwall - 2660bench 22215 11672 lcm AfB vn transitional carbonate along edge of vein 
PGC321 NthHighwall - 2660bench 22215 11673 5-8cm AfB vn mostly py see sketch 
PGC322 NthHighwall - 2660bench 22220 11677 lcm A vein in bkSh see sketch 
PGC323 NthHighwall - 2660bench 22210 11675 lcm B vein in bkSh 
PGC324 NthHighwall - 2660bench 22215 11673 lcm Bvn in bkSh 
PGC325 NthHighwall - 2660bench 22220 11677 alt intrusive next to altSeds 
PGC326 NthHighwall - 2660bench 22225 11676 lcm A vein in intrusive early dolomitic carb with weak effervescense 
PGC327 NthHighwall - 2660bench 22225 11677 lcm A vn in intrusive early carbonate and quartz 
PGC328 NthHighwall - 2660bench 22225 11678 1-2cm A vn in intrusive mostly sph, py and carbonate 
PGC329 NthHighwall - 2660bench 22235 11677 5cm A vn in intrusive contains pyrrhotite 
PGC330 NthHighwall - 2660bench 22240 11675 lcm A vn in intrusive 
PGC331 NthHighwall - 2660bench 22240 11674 5cm A vn in intrusive contains pyrrhotite 
PGC332 NthHighwall - 2660bench 22245 11677 calcite rich A vein/Dvein ?? 
PGC333 NthHighwall - 2660bench 22250 11677 2cm A vn in intrusive 
PGC334 NthHighwall - 2660bench 22260 11675 2cm A vn in intrusive contains pyrrhotite 
PGC335 NthHighwall - 2660bench 22275 11675 2cm qtz+py vn in intrusive 
PGC336 NthHighwall - 2660bench 22280 11678 lOcm A vn in intrusive contains massive pyrrhotite 
PGC337 NthHighwall - 2660bench 22320 11677 6-8cm A vn in intrusive 
PGC338 NthHighwall - 2660bench 22290 11677 2cm A vn in intrusive 
PGC339 NthHighwall - 2660bench 22330 11678 lcm B vn in bkSh 
PGC340 NthHighwall - 2660bench 22330 11678 lcm B vn in bkSh 
PGC341 NthHighwall - 2660bench 22330 11678 !cm A vn in intrusive 
PGC342 NthHighwall - 2660bench 22330 11679 lcm sph rich A vn in altSed 
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PGC343 NthHighwall - 2660bench 22270 11675 3mm calcite stgr with mn py+sph in intrusive 
PGC344 NthHighwall 2620 22070 11330 high grade ore - zone VII grab from boulder 
PGC345 Rambari 2cm qtz and sph rich vein top of Rambari 
PGC346 Rambari aug hbDi top of Rambari 
PGC347 NthHighwall - 2660bench 21960 11525 pyritic breccia in calcSed 
PGC348 NthHighwall 2640 21960 11525 incipient alt bkSh along G stringers 
PGC349 NthHighwall 2640 21960 11525 altSed breccia 
PGC350 Waruwari qtz-rosc mineralization in bkSh from stock pile 
PGC351 P709!Wangima 401 .lm vgy qtz rich material FLINC mostly quartz with minor py-gl and hematite 
PGC352 P715!Wangima 173.2m 5cm@ l 73.2m thin qtz vn apple green mica - contains Vanadium as confirmed by Probe 
PGC353 P715!Wangima l 77.25m 5cm@l77.2m vn w q,carb ,y.sph,gl,cp 
PGC354 P715!Wangima 199.2m qtz-carb vein with thin slvg of rose 
PGC355 P715!Wangima 176.5m l 76.5-l 76.8m-A/D vein mineralization gl-both black and yellow sph-py-qtz and carbonate 
PGC356 P645!Wangima 198.2m 198.2-198.65 variably altered showing alteration front in intrusion 
PGC357 NthHighwall - 2660bench late vu1111v qtz from horizontal A vn 
a 
Appendix 4 - Selected Sample Descriptions 
A full listing of samples collected during this project are tabulated in Appendix 3. 
Following are descriptions of selected polished thin sections mentioned in the text of the 
thesis. A representative suite of Porgera rock samples and thin sections, including those 
mentioned here are stored at the ANU Geology Department museum. 
In the following descriptions the textural relationship between gangue and sulphide 
indicates that much of the early A vein sulphides have been replaced by quartz and/or 
carbonate - these textural relationships (which have been described in some detail in chapter 
4) are central to paragenetic interpretation. In the following descriptions the term . minor 
indicates < 1 % whereas trace indicates << 1 %; thus "minor gold" does not imply that the 
gold content is insignificant. 
PGC008 - high grade D vein - 22L/M126 
This sample is across almost the entire width of the high grade M126 composite D vein. 
The vein is - 25 cm thick with 10-15 cm of quartz/calcite to the south and a vein breccia 
with quartz-roscoelite matrix to the north. Three polished thin sections were taken across 
the width of the vein and are described below. 
PGC008a This is from the quartz and subordinate carbonate material that runs along the 
south side. of the vein. The paragenesis of this part of the section is difficult but appears to 
be pyrite · first followed by roscoelite and gold - the pyrite has been brecciated and 
cemented with quartz roscoelite and Au which also forms a layer after the broken sulphide. 
This is followed by a - 3 mm layer of very fine grained quartz which is followed by - 10 
cm of late quartz and carbonate infill. 
PGC008 This section is from the central brecciated part of the vein. Pseudomorphs of 
fine grained quartz after bladed carbonate sit in a dirty matrix of very fine grained quartz, 
pyrite, probably roscoelite and possibly finely comminuted altered sediment. In other 
more open parts of the vein (ie with less altered sediment fragments) the paragenesis is 
similar but more clearly developed. The sequence of events is: 
1. Brecciated altered sediment cemented by very fine grained quartz - locally this quartz is 
more drusy and may also account for a thin layer of comb quartz which precedes most of 
the pyrite/marcasite layers . 
2. Layer of pyrite and marcasite - small blebs of native gold throughout the layer - this is 
extremely high grade material. 
3. Next is a layer of roscoelite, quartz and marcasite (although may be some py) with 
minor Au. Marcasite grains show thin overgrowth/rims of more marcasite (there may be up 
to 2 layers) 
Note roscoelite is dropping out only after a significant amount of pyrite precipitation. 
Native gold is generally associated with pyrite within the quartz roscoelite layer. 
PGC008c - this section is from the altered sediment host rock immediately adjacent to the 
vein - it contains the north edge of the M126 vein as well as a 1-2 cm D vein with the 
sediment itself. The sequence recorded in this section is as follows: 
1. Altered sediment is first brecciated into angular fragments and cemented with a very 
fine grained quartz cement - the cement also contains small early (A vein) pyrite fragments. 
2. This is followed by veinlets of pyrite, subordinate marcasite and minor native Au -
marcasite is locally abundant. Developed relatively late within this pyrite is a thin 
discontinuous layer of chalcopyrite and tetrahedrite - no chalcopyrite or tetrahedrite is 
found within the early pyrite except where there is brecciation of the earlier pyrite. 
3. Next is a layer of drusy quartz. This quartz layer is rimmed with a thin layer of 
roscoelite with chalcopyrite and tetrahedrite. 
4 . Late calcite infill. 
PGCOlO - 3 cm quartz-roscoelite vein - 22L/M126 
Vein is hosted in hornblende diorite and occurs about 2 m north of the larger M126 vein. 
In thin section the diorite is intensely altered to sericite and carbonate with relict apatite and 
minor secondary quartz - relict plagioclase laths observable. The vein sequence is as 
follows: 
1. A layer of fine quartz, sericite, carbonate and minor sulphide along vein wall (0.6 mm 
to 6mm thick) - much of this material is probably altered host rock fragments. 
2. Next layer contains fine quartz with fine green gungy roscoelite and trace pyrite (5 - 6 
mm thick) . 
b 
3 . Brecciation followed by a thin layer of drusy quartz (- 0.6 mm) - this layer locally 
contains thin discontinuous roscoelite and pyrite layers (3 such layers) . 
4. Followed by a thin layer of roscoelite and minor sulphide (0.4 mm). 
5. Followed by another thin layer of very fine quartz and roscoelite with abundant pyrite 
(1 to 2 mm thick) - becomes more roscoelite rich toward end of layer. 
6 . Local brecciation followed by a layer of comb then drusy quartz - euhedral 
terminations - the quartz crystals in this layer are terminated with a thin layer of very fine 
quartz crystals - minor barite near base of layer. 
7. Followed by a thicker layer of fine quartz and roscoelite with barite (- 2-3 mm) - this 
could be subdivided into another 5 to 6 quartz-rich and roscoelite-rich layers. 
8. Another band of comb quartz with euhedral terminations ( - 3 mm) - similar to layer 6 
above. 
9. Gypsum/barite and vuggy quartz infill with euhedral terminations . 
In total this sample contains 15 to 16 layers if one counts the thin ones . 
Ore minerals: 
--3-4 % pyrite in HR 
--2-4 % pyrite in roscoelite rich layer - generally in the earliest part of the layer 
- quartz rich areas are essentially barren 
- minor tetrahedrite occurs in one of the quartz roscoelite bands. 
PGCOll- high grade D vein - 22L/M126 
Quartz~roscoelite breccia from immediately below PGC008 . Early fragments of variably 
altered sediment consist mostly of sericite and subordinate detrital quartz grains (was 
probably a silty shale - the irregular and angular shape of these quartz grains suggests a 
proximal detrital source) 
The vein paragenesis is as follows: 
1. Brecciation of the black shale followed by a layer of comb quartz (- 0.5 mm). 
2. Next is a layer of pyrite, marcasite, roscoelite and gold (- 0.1-0.5 mm where 
conformable). Pyrite and marcasite are deposited first which are then rimmed and replaced 
with later gold and roscoelite. Gold and telluride can be traced back along hairline 
fractures where they occur deep within the pyrite grains . 
3. Layer of fine silica (- 1 mm). 
4. Late brecciation followed by a carbonate cement with minor hematite - all previous 
phases were brecciated by this event. 
Ore minerals include: 
-pyrite 15% 
-Au - 1 % 
-tetrahedrite trace 
-sphalerite trace 
-galena trace 
-marcasite subordinate to pyrite 
Large masses of pyrite and marcasite contain free gold - gold hosted in pyrite/marcasite 
may be irregular but may also follow crystallographic axis - Au is also found rimming 
pyrite. Around the edges of the sulphide clots is scattered with minor tetrahedrite and 
associated minor galena . 
Pyrite grains show more than 1 stage of growth - larger grains appear to grow by 
coalescence of several smaller grains - some larger grains are shattered or rebroken. There 
are also a few fragments of relict A vein material in the form of composite pyrite and Pe-
rich sphalerite clusters some of which show replacement by carbonate - no visible Au 
associated with relict A vein fragments. 
PGC015a - A/(E) vein - 31-36L incline 
Section is mostly sulphide but contains one late 0.5 cm carbonate-quartz vein. Carbonate 
displays colloform banding along the margin and is vuggy towards the center. The 
colloform parts of the vein have recrystallized yielding larger carbonate crystals with 
undulose extinction. EMP analyses of carbonate from this section show considerable 
variation in composition from Fe-rich carbonate next to pyrite, through ankeritic dolomite 
and finally dolomite, further from sulphide. 
Sulphide consists of pyrite, sphalerite, galena and arsenopyrite, and contains minor 
interstitial quartz and local vuggy infill. Arsenopyrite and pyrite appear to be in 
equilibrium as do pyrite and sphalerite locally. Sphalerite shows good growth zoning and 
both sphalerite and galena locally replace pyrite and arsenopyrite. Quartz and carbonate 
are observed replacing earlier sulphides - galena is particularly susceptible. Trace 
chalcopyrite occurs along carbonate rich vein margin and within the vein. 
There are two other metallic grey minerals besides sphalerite and galena. One is a bluish 
grey - pyrargyrite (ruby silver) - in reflected light and deep red in transmitted, while the 
c 
other mineral - freibergite (Ag bearing tetrahedrite) - is grey in reflected light and 
completely opaque in transamitted (both minerals verified by EMP). 
PGC017 - D vein - 22L/M126 
Quartz-roscoelite-carbonate vein containing - 25% sulphide with occasional host rock 
fragment and trace sphalerite. Sulphide consists of pyrite subordinate marcasite and native 
Au. Minor clear Fe-poor sphalerite is developed throughout the slide. Gold is blebby and 
interstitial to pyrite and also occurs along grain boundaries or fractures . Much of the gold 
within pyrite follows along crystallographic planes of the pyrite which it replaces. There is 
minor tetrahedrite intimately mixed up with the Au. 
PGC024 - - 5-10 cm D vein in altered sediment. - 22L36x/c 
Vein consists mostly of large subhedral to anhedral quartz crystals with both normal and 
microplumose quartz. It also contains early microcrystalline quartz present at the edge of 
the vein or next to and among the altered sediment fragments. Much of the coarse grained 
quartz is primary. Abundant carbonate rombs are observed within microcrystalline quartz 
along the margin of a host rock fragment. Disseminated pyrite is present in the host rock 
and in the vein - within the vein, pyrite (dissolution of pyrite observed is observed) is near 
the margin or next to fragments hosted in the finer quartz - pyrite is associated with trace 
sphalerite (intensely corroded), galena and arsenopyrite - much of this sulpide (ie sphalerite 
and pyrite, and possible galena and arsenopyrite) appears to be left over from stage I. 
Other parts of the vein show well laminated fine grained quartz with thin layers containing 
scattered minor sulphide. In these areas much of the fine crustiform quartz has undergone 
recrystallization to coarser grained quartz - ie one crystal may overgrow several layers. 
PGC039 - 4 cm A vein in black shale - Waruwari 
Sulphide consists dominantly of pyrite with subordinate galena and sphalerite (with 
chalcopyrite disease) and trace chalcopyrite and tetrahedrite - galena may be found within 
the pyrite along growth bands - interstitial to grains of pyrite are chalcopyrite, tetrahedrite, 
late carbonate and minor quartz. 
The surrounding shale is cut by numerous A/B veinlets. A vein sphalerite and galena can 
be seen replacing B vein pyrite, emphasizing the slightly earlier position of pyrite in the 
paragenesis. A vein sulphides are replaced by later stage II quartz and carbonate -
replacement starts along the vein walls and works in towards the center. This example 
shows how the paragenesis can be misinterpreted as quartz first followed by later sulphide -
ie there was essentially no early quartz within the A vein paragenesis (see discussion in 
chapter 4) . 
PGC045 - 7 cm A vein in black shale - Waruwari 
Typical A vein assemblage of pyrite, sphalerite, and galena. Sphalerite (with chalcopyrite 
disease) shows strong compositional zoning and is locally brecciated - it is generally deep 
red but locally shows yellow and rarely clear rims as late overgrowth material. Gangue 
consists of late interstitial quartz replacing the early sulphides. Vein contains several small 
fragments of the black shale host rock. 
PGCOSO - Crackle Breccia - Waruwari 
Sample consists of intensely altered intrusive host rock (of probable dioritic affinity) cut by 
stockwork quartz veinlets which constitute the crackle breccia mineralization. Host rock is 
altered to carbonate, white mica (pos. illite), silica and pyrite; nothing seems to have 
survived except apatite and relict quartz (even this is strongly corroded by both carbonate 
and mica). Abundant disseminated pyrite is present in the host rock and appears to be 
replacing rutile/anatase. 
Veining locally begins with a thin layer of carbonate - followed by a - 0.5 mm layer of 
very fine grained carbonate and subordinate quartz - this is followed by a - 0.4 mm layer 
of fine quartz with subordinate carbonate - followed by a sporadically developed layer of 
drusy carbonate crystals which give way to a well developed layer of drusy quartz up to 1 
mm thick. Vein material contains no visible sulphide. 
PGC054 - 10 cm A vein - Waruwari 
Sulphide consists of pyrite, sphalerite galena and trace chalcopyrite - both sphalerite and 
galena are observed replacing pyrite but appear to be in equilibrium elsewhere. 
Sulphides are overgrown and replaced by chalcedonic quartz which is generally 
recrystallized to large clusters of microplumose and euhedral comb textured quartz 
followed by more quartz and then finally calcite - local chalcedonic quartz still exists but is 
generally observed in varying degrees of recrystallization. The paragenesis is typical for an 
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A vein and while there is abundant quartz and carbonate there is no roscoelite and no stage 
II pyrite. 
PGC069 - 2 cm A vein breccia in altered sediment - 2SL/M126 
Carbonate rich altered sediment shows brecciation and alteration next to the vein - the 
contact between the two is sharp - matrix to the breccia contains both quartz and carbonate. 
PGC072 - 4 cm laminated A vein in hornblende diorite - 2SL M126 
Sulphides are early, quartz and carbonate are later. Sulphide consists of zoned sphalerite, 
pyrite, galena and trace chalcopyrite and tetrahedrite . Chalcopyrite is late in the 
paragenesis and is associated with tetrahedrite and another unidentified grey mineral 
(sulphosalt ?). A thin layer of chalcopyrite is observed to form along the boundary 
between sphalerite (with chalcopyrite disease) and tetrahedrite. 
Early sulphides are brecciated and recemented with later quartz and carbonate infill - this is 
especially evident from the zoned sphalerite crystals. Sericite and carbonate are found 
interstitial to sulphide and may be found replacing quartz. 
Vein is crosscut by later quartz veinlets with local carbonate vug infill - quartz in these 
veinlets ranges from early very fine grained to later drusy and comb textured. 
While much of the sphalerite and galena appear to be in textural equilibrium with pyrite, 
some -sphalerite and galena appears to replace pyrite - both sphalerite and galena are 
subsequently replaced by quartz and carbonate. 
PGC073 --A-D vein intersection in hornblende diorite - 2SL M126 
Host rock is intensely altered to sericite, quartz and subordinate carbonate - roscoelitic 
selvedges occur along vein margin. 
The A vein (- 10 cm) contains pyrite, Fe-rich sphalerite (with chalcopyrite disease), galena 
and minor arsenopyrite. Sphalerite and galena are being replaced by quartz and carbonate 
- pyrite is also being replaced but is more resistant (both galena and sphalerite replace 
earlier pyrite). Within the quartz and carbonate material, are long blade shaped 
pseudomorphs of fine grained quartz after carbonate. 
Much of the pyrite within the A vein is overgrown with another thin layer of pyrite. 
Locally minor sericite (is probably from host rock fragments) . 
The crosscutting D vein (1 cm) paragenesis is as follows: 
1. Brecciation followed by precipitation of a variably developed roscoelite layer where the 
vein is in contact with hornblende diorite - and a thicker layer of stage II pyrite, minor · 
marcasite with late carbonate, quartz and tetrahedrite, where it is in contact with the A vein 
material. 
2. This is followed by a thicker layer of fine grained quartz, roscoelite and pyrite which in 
places completely infills the vein - elsewhere is conformably overlain by a variably 
developed layer of pure roscoelite which is best developed in the proximity of old A veins . 
3. The vein has been rebrecciated with subsequent deposition of fine grained quartz which 
grades into medium grained drusy infill. 
PGC080 - 1 cm A vein in altered hornblende diorite - Waruwari 
Host rock - relict texture is barely discernible even in hand specimen - some relict phenos 
are totally altered to a patchwork of albite, carbonate, epidote, white mica, and a fine grain 
mass of sphene/leucoxene and a possible clay mineral/white mica (probably illite) - apatite 
has survived intact. The matrix consists of carbonate, albite, epidote and white mica. There 
are a few relict ferromag phenos but relict cleavage traces suggest amphibole. As well as 
patches of quartz there are several small anhedral quartz grains or quartz eyes as perhaps 
referred to by Richards and Kerrich (1993) - these small quartz grains contain inclusions of 
apatite and occasional very small < 5 µm brine inclusions . 
The margin of the vein is characterized by slivers of sulphide separated by thin laminations 
of carbonate - representing repeated movement along edge of vein which refractured the 
early precipitated sulphide. 
Main part of the vein consists of 70 % sulphide the rest being quartz with lesser carbonate 
and white mica. Quartz and carbonate are replacing the sulphides - especially sphalerite. 
Carbonate shows undulose extinction and growth bands which together suggest original 
crystallization as a cryptocrystalline colloform bands . This carbonate is subsequently 
fractured/brecciated and infilled with fine grained quartz carbonate and gypsum. 
The sulphide consists of pyrite, sphalerite (with chalcopyrite disease), and galena. Late 
wispy marcasite +/- pyrite and minor sphalerite is found in the carbonate layer (also minor 
barite) with trace Au and possible telluride. 
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PGC085a - 2-4 cni D vein hosted in altered sediment - 25L/37x/c 
Altered sediment contains heterogeneously distributed disseminated pyrite . The D vein 
paragenesis is as follows: 
1. Brecciation of the altered sediment and infill with py veinlets (-0.75 mm) 
2 . This is conformably overgrown with a layer (- 0.3-0.5 mm) of quartz and roscoelite 
with minor pyrite and trace tetrahedrite. 
3 . Brecciation followed by deposition of a layer of fine grained quartz (-0.1-1 mm). 
4. This is followed by a roscoelite and pyrite layer (-0.5 mm) which may contain up to 
50% pyrite with minor marcasite, trace tetrahedrite and free gold. 
5. The vein cracked along the above layer and recemented with more fine grained quartz -
was cracked again and sealed with medium grained comb to drusy quartz. 
6. The vein was once again brecciated or cracked along what was left of the latest quartz 
roscoelite layer followed by conformable growth of 1-2 mm of drusy quartz. 
7 . A further 1 mm layer of roscoelite with abundant angular quartz fragments and 
mineralized with pyrite tetrahedrite and minor marcasite. 
8. A layer of medium grained drusy quartz with minor roscoelite, sulphide and abundant 
barite (0.5 mm). 
9. Conformably overgrowing this is coarse grained drusy/ quartz - this final layer (- up to 
6 mm) is punctuated by two very thin (-50-100 µm) layers of very fine grained quartz with 
minor roscoelite, pyrite, marcasite and barite. 
PGC086b- A-D intersection in altered sediment - 25L/37x/c 
A vein is - 2 cm and D vein is 3-4 cm. A vein sulphides within the altered sediment are 
being replaced by quartz and subordinate carbonate. 
The D vein part of this intersection is extremely gold rich and contains abundant roscoelite 
and barite - there is no stage II pyrite. Within the well developed roscoelite layers are 
scattered irregular clots of grey metallic mineral - probably tetrahedrite but may also 
include some pyrargyrite (ruby silver - deep red in transmitted light). Light coloured Fe-
poor sphalerite is found among the quartz roscoelite layers - barite also common. 
The D vein paragenesis is a quartz layer (this actually contains two very weakly developed 
roscoelite layers) followed by a variably developed quartz-roscoelite layer containing barite, 
visible gold and tetrahedrite. This is followed by another quartz-roscoelite layer with less 
roscoelite but more quartz and barite. 
PGC087 - AID vein in altered sediment - 25L/37x/c 
The vein is 25 to 30 cm thick. The two veins run along each other rather than form a linear 
intersection. The A vein material contains pyrite, arsenopyrite, galena and sphalerite as well 
as late carbonate ruby silver/pyrargyrite (dark grey) and freibergite (light grey). These 
early sulphides are replaced by later stage II quartz and carbonate. 
The D vein material consists of mostly quartz and the paragenesis is as follows: 
1. Brecciation of A vein followed by a thin layer of carbonate which is conformably 
overlain by a layer of fine grained stage II quartz which contains disseminated marcasite 
(stage II) and fragments of A vein sulphide. Locally hematite is found as small clots and 
wisps centered on relicts of ragged looking A vein sulphide - clear Fe-poor sphalerite is 
found locally deposited during stage II - local barite. 
2 . This is followed by another period of brecciation and deposition of medium grained 
drusy quartz which infills the vein - at the beginning of this layer or at the very end of the 
last was observed a trace amount of roscoelitic mica. There are only trace amounts of 
roscoelite and gold (this does not necessarily imply low grade) in this section. 
The replacement textures in this slide are very distinctive. 
PGC088 10 cm AID vein hosted in hornblende diorite - Waruwari 
Vein appears to have been open continuously through stages I and II. 
The paragenesis is as follows . 
1. Early massive pyrite deposition with small inclusions of included sphalerite which may 
be contemporaneous or later - early pyrite is brecciated - subsequent deposition of galena, 
sphalerite and pyrite. 
2. Sphalerite changes from early Fe-rich sphalerite to late Zn-rich sphalerite and shows 
strong growth parallel colour/compositional banding. Native Au is found in the latest part 
of this sulphide layer. This layer is conformably overgrown by quartz with minor 
carbonate which may terminate in vuggy infill. Local brecciation occurs between the 
sphalerite and quartz depositional stage. 
Most of the carbonate occurs within the sulphide and not as later infill. This is followed by 
infill of quartz and minor carbonate along with relict pyrite and clear Fe-poor sphalerite. 
Early in this layer are local small clots/islands of sulphosalts and/or pyrite surrounded by 
drusy quartz - this material crosscuts the white sphalerite. 
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PGC099 - 10-20 cm D vein breccia - 28L/75x/c 
1. Brecciation of sediment followed by deposition of quartz-pyrite stringers - actually A 
vein pyrite overprinted by stage II quartz. 
2. Brecciation followed by a thin (but variably developed) layer of fine grained quartz. 
3. Deposition of a thicker layer of medium grained quartz. 
4. A roscoelite layer with scattered barite and locally abundant free Au, minor pyrite, 
galena and tetrahedrite - free Au is generally along fractures within the roscoelite. 
5. Infill of drusy quartz 
Host rock fragments contain 3-5 % pyrite both disseminated and in veinlets - this was 
probably introduced during the 1st event noted above. 
Matrix contains little sulphide except where it occurs locally as early A vein fragments. 
Roscoelite rich areas/clots contain - 5-10% Au. 
Galena appears closely associated with the gold and could be relict, but it looks more like 
equilibrium, which means that galena may be precipitated locally during fluid mixing. 
Some excellent feeder structures are developed which relate back to quartz pyrite stringers 
in the altered sediment. 
PGClll - 5 cm A vein in calcareous sediment - Waruwari 
Vein consists of pyrite and subordinate Fe-rich sphalerite - most sphalerite is in the middle 
of the vein - sphalerite is deep red and shows no noticeable zoning and has chalcopyrite 
disease. ·Pyrite fills fractures within sphalerite. Fractures in both pyrite and sphalerite are 
filled with. late carbonate. 
PGC127 - calcite/D veinlets in augite hornblende diorite (gabbro) - 36L/49x/c 
Host rock - hornblende is still fairly fresh while cpx is completely altered to carbonate, 
chlorite, and sericite; plagioclase is moderately to strongly altered to sericite, biotite rims 
amphibole - trace chalcopyrite. Disseminated magnetite/hematite is found throughout (this 
oxide material has brownish grey cores and lighter grey rims of hematite) - and minor 
apatite. 
The altered material consists mostly of carbonate with subordinate sericite and quartz -
stringy disseminated pyrite is present throughout and has replaced most of the original 
oxide - however the occasional relict of oxide/magnetite is found rimmed by pyrite -
significant secondary quartz is also present but fluid inclusions not found. 
The intrusive is cut first by a quartz-carbonate-pyrite veinlets - these veinlets are then cut by 
later pure carbonate veinlets. 
The tentative paragenesis would be sulphidation (ie replacement of oxide by pyrite) 
followed by carbonate alteration and possible replacement of pyrite followed by quartz and 
sericite precipitation. 
PGC128 - D vein breccia from Footwall Breccia Zone 
Host rock is brecciated and totally altered to carbonate, pyrite, roscoelite and quartz. The 
rock is cut by abundant microfractures subparallel to the D vein. D vein paragenesis is as 
follows: 
1. Thin layer of roscoelite immediately followed by a thicker layer of pyrite. This is 
followed by gold and a Hg-telluride (from microprobe) which both overgrow the pyrite 
and replace it along fractures. The gold and telluride are intimately related but telluride 
often occurs in blades within the pyrite whereas gold does not occur as blades except where 
associated with telluride. 
2. This is followed by a layer of roscoelite which contains more clots of gold and telluride 
mineralization but without pyrite. 
3. Local brecciation and cementation with fine grained equigranular quartz which fills the 
vem. 
PGC133 - hornblende diorite porphyry - relatively fresh - 22L/69x/c 
Plagioclase is altered to sericite and subordinate carbonate. Cpx (subordinate to 
hornblende) is totally altered to chlorite, carbonate, biotite and epidote - amphibole is fresh 
and generally rimmed with biotite which looks to be primary late stage overgrowths. 
This is one of the few igneous rocks at Porgera in which primary quartz has been observed 
(primary quartz is also seen in PGCl 14), it is associated with carbonate, hematite minor 
magnetite, subordinate epidote and apatite in late clots. The quartz contains fluid inclusions 
with halite and sphalerite daughter crystals - these may be equivalent to Richards and 
Kerrich's (1993) rare quartz eyes (note however, that Richards and Kerrich describe their 
quartz eyes from altered A vein selvedges - see discussion in chapter 7). 
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PGC148 Quartz-chalcopyrite-chlorite veinlets near feldspar porphyry dyke - 40L/33x/c 
Veinlets contains quartz, chalcopyrite, magnetite, hematite, minor pyrite, carbonate and 
chlorite. Fluids may be coming off the feldspar porphyry which is only 1.5 m to the south. 
Veins are surrounded by bleached selvedges within the black hornfelsed sediments. The 
sediments contain disseminated pyrite and chalcopyrite. 
The veinlets begin with thin layers of comb textured quartz interspersed with layers of 
chalcedonic quartz (in various stages of recrystallization) with chalcopyrite, magnetite and 
hematite as well as trace to minor amounts of chlorite and carbonate. 
Overlying this layer of comb and chalcedonic textured quartz is a light brown layer which 
consists of fine grained quartz carbonate, minor chlorite, chalcopyrite and trace to minor 
magnetite and hematite. 
The vein is infilled with drusy/chalcedonic quartz, late carbonate minor chlorite, 
chalcopyrite, minor magnetite and trace to minor hematite - the latest vuggy parts of the 
vein contain more carbonate, chalcopyrite, chlorite and locally abundant pyrite. 
Good fluid inclusions and found in the quartz - brine rich inclusions containing halite and 
an opaque daughter mineral (hematite daughter mineral crystals were observed) and vapour 
rich inclusions occur along the same growth zone. 
Other veins in the same rock contain magnetite and quartz with only minor chalcopyrite, 
hematite and chlorite - these are cut by the chalcopyrite rich veins 
PGClSl - 1 cm A vein with 2 cm selvedge of altered hornblende diorite - 40L/33x/c 
Alteration front is abrupt - ie beyond selvedge the rock is relatively fresh with relict/altered 
cpx and fresh amphibole rimmed by biotite - the diorite is cut by a quartz carbonate vein -
less altered rock is strongly magnetic whereas altered selvedge material is not noticeably 
magnetic . 
The quartz in this vein contains well formed sizeable primary fluid inclusions - some 
contain a salt daughter crystal - there are both vapour rich and liquid rich inclusions along 
the same growth bands. 
The selvedge consists of intense sericite and carbonate - disseminate pyrite is developed 
within the innermost part of the selvedge - the outer part of the selvedge has more abundant 
leucoxene (rutile + quartz) which shows up in hand specimen as a greenish band; also the 
outer selvedge contains relict ferromags (mostly altered to leucoxene, chlorite, sericite and 
carbonate) . Primary vesicles containing carbonate, chlorite and apatite are well preserved 
even in the intensely altered material. Biotite does not survive in the selvedge . The main 
oxide phase is magnetite. Much of the plagioclase is still discernible in the fresher material, 
however, even here the rock has undergone weak to moderate sericite and carbonate 
alteration. 
PGC182 - - 5 cm A vein in hornblende diorite - 31L/34x/c 
The quartz in this A vein contains good 2 phase fluid inclusions . In hand specimen the 
selvedge is well developed for up to 3 to 4 cm away from the vein - beyond the selvedge 
igneous texture is well developed - the fresher host rock contains minor magnetite which is 
weakly altered to hematite - only pyrite +/- marcasite is found in the selvedge ie no oxide. 
Alteration becomes progressively more intense from the outer (2-4 cm) to the inner (0-2 
cm) part of the selvedge. In the outer selvedge relict ferromags can be observed whereas in 
the inner selvedge relicts are not discernible. 
Outer selvedge shows moderate to strong sericitic alteration and consists of sericitized 
plagioclase relatively fresh hornblende phenocrysts rimmed by red brown igneous biotite -
cpx phenos are completely replaced by carbonate, chlorite and magnetite - accessory 
epidote, relict apatite, Ti-oxide and primary magnetite is present. 
Inner selvedge consists dominantly of sericite with subordinate quartz and carbonate with 
very poorly preserved relict texture. 
Disseminated pyrite occurs in the inner selvedge while minor magnetite and pyrite are 
found in the outer selvedge - inner selvedge also contains more introduced quartz. 
PGC185 - 5-10 cm D vein breccia at contact between diorite and altered sediment -
31L/34x/c 
Sample is from a - 3 m wide zone of D vein breccia. The dioritic host rock has undergone 
roscoelite alteration (especially of the plagioclase) and also contains disseminated pyrite. 
Plagioclase is replaced by roscoelite, sericite and carbonate. The paragenesis is as follows : 
1. The first layer is a dark greenish brown grungy roscoelite layer with several % pyrite -
(locally just before this layer, ie between the roscoelite layer and the diorite, is an extremely 
thin layer of quartz). 
2 . This is followed by a thin grungy layer of very fine grained quartz and roscoelite with 
trace pyrite. 
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3. Followed by a thin layer of barren drusy quartz which passes up into a layer of almost 
pure roscoelite with local minor pyrite_. . . 
4. Local brecciation followed by thm layer of barren drusy quartz which passes mto a 
variably developed layer of quartz roscoelite and pyrite with wires of visible Au. 
5. This passes conformably (at least locally) into a layer of quartz, roscoelite, pyrite and 
barite 
6. Which passes conformably into a layer of pure pyrite and telluride - barite is found in 
the earlier part of this layer. 
7 . The preceding pyrite rich layer is overgrown with a telluride bearing quartz layer. 
8. Finally this is infilled with barren coarse grained drusy quartz. 
All parts of this vein contain minor disseminated pyrite but the bulk of the sulphide occurs 
in the roscoelite rich layers. 
PGC217 - intensely silicified boulder with free Au - from RFZ Waruwari 
Sample was stained and found to contain a considerable k-feldspar (verified by XRD). The 
material consists of K-feldspar, quartz and carbonate and has undergone multiple 
brecciation and cementation. The late infill consists of quartz - whereas K-feldspar, quartz 
and carbonate cements much of the earlier brecciated material. 
Pyrite is found both in the matrix and in the clasts (mostly in clasts) - intergrown with pyrite 
are grungy looking marcasite grains; these appear to be porous - thin wires/hairs of 
sulphide are also locally present (in both matrix/vein and clasts) which may be either pyrite 
or marcas!te. Free Au and telluride (?) is associated with the sulphide in the late quartz. 
Mino'r Fe-poor sphalerite is found associated with some of the earlier pyrite. 
PGC244 - altered sediment cut by G stringers - 22L/36x/c 
Sediment consist of carbonate and sericite (see XRD) and contains ubiquitous small 
spherules (0 .15 to 0.5 mm) of darker beige to grey carbonate ranging from 0.1 to 0.4 mm 
in diameter. The spherules consist of a central zone of slightly darker material surrounded 
by a dark rim of brown more opaque material - the rims are about 30 µm thick. 
The G stringers consists of a thin veinlet of pyrite and subordinate carbonate and white 
mica about 50 to 100 µm thick surrounded by a halo of disseminated pyrite. Most of the 
disseminated pyrite within the sediment (ie away from the G stringers), is associated with the 
carbonate clots . 
The carbonate which forms the clots as well as the clots themselves, appear to be crosscut by 
the G stringers but at the same time the carbonate appears to locally cut the G stringers 
indicating they are approximately contemporaneous. 
PGC259 - hornfelsed altered sediment - 22L/43x/c 
This sediment has a finely mottled texture. Patches of small round spherules are well 
developed and locally appear to crosscut pyritic G-stringers (actually the G stringers 
continue through the spherules but as carbonate which is difficult to distinguish from the 
spherule itself, which is carbonate rich, hence the apparent crosscutting relationship) which 
themselves crosscut the spherules. In transmitted light the groundmass is light brown and 
the spherules are grey. Both are fine grained but the spherules appear to be a mixture of 
quartz, carbonate, sericite and possibly trace Ti-oxide (a grungy orange material with high 
relief). Both the spherules and matrix contain scattered angular quartz grains. The 
spherules appear to grow and coalesce - locally pyrite selectively replaces spherules. The 
pyrite veinlets contain carbonate which looks to be after the pyrite. 
The spherulitic zones are controlled by fractures and also run along bedding planes 
overgrowing the original sediment. 
PGC329 - 5 cm A vein in augite hornblende diorite - Rambari intrusion (surface mine) 
This is one of the few samples that contains pyrrhotite (it is strongly magnetic). The 
paragenetic sequence is uncertain but appears to begin with coarse grained pyrite, sphalerite 
and galena which are followed by rapidly deposited fine grained pyrite - this in tum is 
followed by fine grained pyrrhotite. Carbonate is the only gangue mineral. 
PGC335 - 2 cm quartz-pyrite vein - Rambari intrusive (surface mine) 
Sulphide consists of pyrite except for one speck of chalcopyrite. Quartz and subordinate 
carbonate replace the pyrite - it is possible that other sulphides such as sphalerite and galena 
were initially present but have been replaced. 
Appendix 5.1.1 
Calcite Unsaturated Boiling to Muscovite-K-feldspar Buffer, T = 280°C 
Step 0 2 
Quartz 0.9926778 0.9925757 0.9925 130 0.9924747 
Pyrite 0.9994798 0.9995371 0.9995850 0.9996244 
I.Pyrite Dep 0.0000000 0.0000573 0.0001052 0.0001446 
Muscovite 0.9999994 0.9999995 0.9999995 0.9999994 
:EMusc. Dep 0.0000001 0.0000001 0.0000000 
Microcline 0.0000000 0.0000000 0.0000000 0.0000000 
:EMicr. Dep 0.0000000 0.0000000 0.0000000 
H20 (*) 9.46E-01 9.56E-0 1 9.62E-01 9.66E-01 
H+ 5.54E-05 3.89E-05 2.70E-05 1.85E-05 
OH- 4.47E-07 6.29E-07 9.00E-07 l.3 lE-06 
C03-- 1.95E-09 2.34E-09 2.89E-09 3.70E-09 
HC03- 7.72E-04 6.57E-04 5.69E-04 5.0lE-04 
H2C03 (aq) l.54E+OO 9.30E-Ol 5.63E-01 3.41E-01 
H3Si04- 4.12E-07 5.86E-07 8.44E-07 l.23E-06 
H4Si04 (aq) 7.54E-03 7.62E-03 7.67E-03 7.70E-03 
02 (aq) 3.40E-38 3.36E-38 3.34E-38 3.33E-38 
H2 (aq) 1.94E-04 l.94E-04 1.95E-04 1.95E-04 
H2S (aq) l.07E-03 7.97E-04 5.85E-04 4.22E-04 
HS- 4.48E-06 4.71E-06 4.96E-06 5.19E-06 
S2--
S203-
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCl (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04 (aq) 
Ca Cl+ 
CaC12 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq: 
Al(OH)4-
Au+ 
AuOH (aq) 
Au(OH)2-
AuHS (aq) 
Au(HS)2-
Au2(HS)2S-· 
AuC12-
Au+++ 
AuC14-
Fe++ 
FeS04 (aq) 
FeCl+ 
FeC12 (aq) 
Fe+++ 
FeCl++ 
CH4 (aq) 
Water(mol) 
pH 
Eh(V) 
2.65E-15 
7.58E-17 
1.56E-12 
8.25E-18 
4.93E-13 
7.25E-12 
l.93E-11 
7.12E-01 
4.00E-04 
6.44E-Ol 
l.49E-06 
6.19E-08 
9.94E-04 
l.16E-11 
l.78E-01 
6.77E-02 
6.llE-08 
5.89E-12 
3.38E-13 
3.53E-02 
7.65E-06 
l.73E-09 
7.72E-10 
8.36E-08 
2.82E-15 
2.07E-05 
9.51E-05 
8.64E-15 
1.17E-10 
2.58E-08 
1.34E-06 
3.63E-07 
1.0IE-16 
7.77E-ll 
l.65E-13 
l.59E-08 
4.69E-10 
7.98E-17 
l.73E-10 
2.55E-53 
l.3 lE-30 
1.94E-04 
4.27E-12 
2.65E-04 
7.58E-05 
l.48E-16 
l.06E-14 
3.38E-03 
5.40E+Ol 
4.503 
-0.426 
2.93E-15 
8.38E-17 
l.16E-12 
1.22E-17 
5.18E-13 
1.07E-ll 
2.03E-11 
7.08E-01 
2.83E-04 
6.41E-Ol 
2.12E-06 
7.48E-08 
8.52E-04 
1.73E-ll 
l.79E-Ol 
6.73E-02 
8.66E-08 
8.78E-12 
3.58E-13 
3.54E-02 
7.52E-06 
2.43E-09 
9.23E-10 
7.09E-08 
4.17E-15 
2.05E-05 
9.50E-05 
2.65E-15 
5.lOE-11 
1.61E-08 
l.19E-06 
4.60E-07 
7.08E-17 
7.73E- l l 
2.33E-13 
l.18E-08 
3.70E-10 
6.65E-17 
1.22E-10 
8.80E-54 
4.68E-31 
l.71E-04 
5.66E-12 
2.36E-04 
6.79E-05 
9.16E-17 
6.61E-15 
2.07E-03 
5.42E+Ol 
4.653 
-0.443 
3.23E-15 
9.25E-17 
8.44E-13 
l.83E-17 
5.45E-13 
l.61E-ll 
2.13E-11 
7.06E-01 
1.97E-04 
6.39E-Ol 
3.05E-06 
9.31E-08 
7.41E-04 
2.61E-ll 
l.79E-01 
6.70E-02 
l.24E-07 
l.33E-l l 
3.78E-13 
3.54E-02 
7.44E-06 
3.47E-09 
1.14E-09 
6.12E-08 
6.27E-15 
2.04E-05 
9.50E-05 
7.85E-16 
2.17E-11 
9.91E-09 
l.05E-06 
5.87E-07 
4.90E-17 
7.71E-l l 
3.35E-13 
8.68E-09 
2.87E-10 
5.43E-17 
8.53E-11 
2.94E-54 
l.60E-31 
l.53E-04 
7.66E-12 
2.llE-04 
6.1 IE-05 
5.67E-17 
4.12E-15 
1.26E-03 
5.43E+Ol 
4.808 
-0.46 
3.55E-15 
1.02E-16 
6.05E-13 
2.79E-17 
5.71E-13 
2.45E-11 
2.23E-11 
7.05E-Ol 
1.35E-04 
6.38E-01 
4.44E-06 
l.20E-07 
6.54E-04 
3.99E-11 
l.80E-01 
6.69E-02 
l.81E-07 
2.03E-1 l 
3.97E-13 
3.55E-02 
7.39E-06 
5.04E-09 
1.46E-09 
5.38E-08 
9.55E-15 
2.04E-05 
9.50E-05 
2.22E-16 
8.96E-12 
5.98E-09 
9.29E-07 
7.56E-07 
3.35E-17 
7.69E-l l 
4.88E-13 
6.24E-09 
2.17E-10 
4.31E-17 
5.86E-l l 
9.42E-55 
5.19E-32 
l.38E-04 
l.06E-11 
l.91E-04 
5.55E-05 
3.50E-17 
2.55E-15 
7.64E-04 
5.43E+Ol 
4.971 
-0.478 
4 6 7 8 9 
0.9924514 0.9924370 0.9920250 0.9910845 0.9904895 0.9901058 
0.9996560 0.9996806 0.9996903 0.9996807 0.9996712 0.9996618 
0.0001762 0.0002008 0.0002105 0.0002009 0.0001914 0.0001820 
0.9999994 0.9999993 0.9999321 0.9997761 0.9996774 0.9996136 
0.0000000 -0.0000001 -0.0000673 -0.0002233 -0.0003220 -0.0003858 
0.0000000 0.0000000 0.0002016 0.0006695 0.0009657 0.0011569 
0.0000000 0.0000000 0.0002016 0.0006695 0.0009657 0.0011569 
9.6812-01 9.69E-Ol 9.70E-Ol 9.71E-Ol 
l.24E-05 8.25E-06 6.16E-06 6.14E-06 
l.94E-06 2.92E-06 3.90E-06 3.91E-06 
4.91E-09 6.73E-09 7.28E-09 4.44E-09 
4.49E-04 4.09E-04 3.30E-04 2.0lE-04 
2.06E-O 1 l.25E-O 1 7 .54E-02 4.57E-02 
l-.83E-06 2.76E-06 3.70E-06 3.71E-06 
7.72E-03 7.73E-03 7.74E-03 7.74E-03 
3.32E-38 3.32E-38 3.32E-38 3.3 lE-38 
l.95E-04 l.95E-04 l.95E-04 l.95E-04 
2.97E-04 2.05E-04 l.55E-04 l.52E-04 
5.42E-06 5.62E-06 5.70E-06 5.61E-06 
3.86E-15 
l.IOE-16 
4.26E-13 
4.31E-17 
5.95E-13 
3.79E-11 
2.33E-ll 
7.05E-01 
9.13E-05 
6.38E-Ol 
6.59E-06 
l.59E-07 
5.87E-04 
6.17E-11 
l.80E-01 
6.68E-02 
2.69E-07 
3.14E-l l 
4.15E-13 
3.55E-02 
7.36E-06 
7.45E-09 
l.94E-09 
4.81E-08 
l.47E-14 
2.03E-05 
9.50E-05 
5.95E-17 
3.57E-12 
3.53E-09 
8.15E-07 
9.84E-07 
2.25E-17 
7.68E-l l 
7.24E-13 
4.39E-09 
I.60E-10 
3.31E-17 
3.95E- 11 
2.88E-55 
l.60E-32 
l.26E-04 
1.50E-l l 
l.75E-04 
5.09E-05 
2.15E-17 
l.58E-15 
4.64E-04 
5.44E+Ol 
5.142 
-0.497 
4.15E-15 
1.19E-16 
2.92E-13 
6.74E-17 
6.17E-13 
5.92E-11 
2.41E-11 
7.04E-01 
6.05E-05 
6.37E-Ol 
9.94E-06 
2.18E-07 
5.36E-04 
9.64E-11 
l.80E-01 
6.67E-02 
4.06E-07 
4.90E-ll 
4.31E-13 
3.55E-02 
7.35E-06 
l.12E-08 
2.66E-09 
4.38E-08 
2.30E-14 
2.03E-05 
9.50E-05 
l.51E-17 
1.36E-12 
2.04E-09 
7.1 IE-07 
1.29E-06 
1.49E-17 
7.68E-11 
l.09E-12 
3.02E-09 
1.14E-10 
2.45E-17 
2.62E-11 
8.38E-56 
4.68E-33 
1.17E-04 
2.lBE-11 
I.63E-04 
4.73E-05 
l.32E-17 
9.70E-16 
2.8IE-04 
5.44E+Ol 
5.32 
-0.516 
4.27E-15 
1.22E-16 
2.22E-13 
9.14E-17 
6.27E-13 
8.02E-11 
2.45E-11 
7.04E-Ol 
4.53E-05 
6.37E-Ol 
l.33E-05 
2.36E-07 
4.34E-04 
1.31E-10 
l.80E-01 
6.66E-02 
5.42E-07 
6.65E-ll 
4.37E-13 
3.55E-02 
7.34E-06 
l.50E-08 
2.87E-09 
3.54E-08 
3.12E-14 
2.03E-05 
9.50E-05 
5.72E-18 
6.92E-13 
l.38E-09 
6.45E-07 
1.57E-06 
l.l lE-17 
7.68E-11 
1.46E-12 
2.29E-09 
8.79E-11 
l.92E-17 
1.96E-11 
3.50E-56 
l.96E-33 
l.13E-04 
2.86E-11 
l.58E-04 
4.59E-05 
9.58E-18 
7.03E-16 
l.70E-04 
5.44E+Ol 
5.446 
-0.53 
4.14E-15 
l.1 8E-16 
2.18E-13 
9.02E-17 
6.17E-13 
7.92E-11 
2.41E-11 
7.04E-01 
4.51E-05 
6.37E-01 
1.33E-05 
1.44E-07 
2.64E-04 
l.29E-IO 
l.80E-01 
6.64E-02 
5.42E-07 
6.54E-11 
4.29E-13 
3.54E-02 
7.33E-06 
1.50E-08 
l.75E-09 
2.15E-08 
3.08E-14 
2.03E-05 
9.50E-05 
5.66E-18 
6.87E-13 
1.38E-09 
6.45E-07 
l.58E-06 
l.1 lE-17 
7.67E-11 
1.46E-12 
2.25E-09 
8.50E-11 
1.83E-17 
l.96E-11 
3.46E-56 
l.94E-33 
l.16E-04 
2.92E-11 
l.62E-04 
4.73E-05 
9.84E-18 
7.23E-16 
1.03E-04 
5.44E+Ol 
5.447 
-0.53 
9.71E-01 
6.13E-06 
3.92E-06 
2.70E-09 
1.22E-04 
2.77E-02 
3.71E-06 
7.74E-03 
3.31E-38 
l.95E-04 
l.50E-04 
5.53E-06 
4.02E-15 
l.15E-16 
2.14E-13 
8.90E-17 
6.08E-13 
7.82E- 11 
2.38E-11 
7.04E-01 
4.51E-05 
6.37E-01 
1.34E-05 
8.77E-08 
I.60E-04 
1.28E-10 
1.80E-01 
6.62E-02 
5.42E-07 
6.45E-l l 
4.22E-13 
3.53E-02 
7.33E-06 
l.50E-08 
l.06E-09 
1.31E-08 
3.04E-14 
2.03E-05 
9.50E-05 
5.62E-18 
6.84E-13 
l.38E-09 
6.45E-07 
1.58E-06 
1.l IE-17 
7.67E-11 
1.47E-12 
2.21E-09 
8.23E-l 1 
1.75E-17 
1.95E-11 
3.44E-56 
l.93E-33 
I.20E-04 
2.96E-11 
I.67E-04 
4.88E-05 
l.OlE-17 
7.43E-16 
6.26E-05 
5.44E+Ol 
5.448 
-0.531 
9.71E-01 
6.12E-06 
3.93E-06 
l .64E-09 
7.41E-05 
l.68E-02 
3.72E-06 
7.75E-03 
3.31E-38 
1.95E-04 
l.48E-04 
5.45E-06 
3.90E-15 
l.12E-16 
2.llE-13 
8.78E-17 
5.99E-13 
7.7 1E-11 
2.34E-11 
7.04E-01 
4.50E-05 
6.37E-01 
1.34E-05 
5.33E-08 
9.74E-05 
1.26E-IO 
l.80E-01 
6.62E-02 
5.42E-07 
6.36E-11 
4.15E-13 
3.53E-02 
7.32E-06 
1.51E-08 
6.47E-10 
7.94E-09 
3.00E-14 
2.03E-05 
9.50E-05 
5.60E-18 
6.82E-13 
l.38E-09 
6.45E-07 
l.58E-06 
l.l!E-17 
7.67E-ll 
l.47E-12 
2.18E-09 
7.99E-11 
l.67E-17 
1.95E-1 l 
3.43E-56 
l.93E-33 
1.23E-04 
3.0IE-11 
l.72E-04 
5.02E-05 
l.04E-17 
7.63E-16 
3.80E-05 
5.44E+Ol 
5.448 
-0.531 
Output from HCh Program 
Appendix 5.1.1 
Calcite Unsaturated Boiling to Muscovite-K-feldspar Buffer, T = 280°C 
Step 10 11 12 13 14 15 16 17 18 19 20 
Quartz 0.9898510 0.9896750 0.9895469 0.9894482 0.9893676 0.9892980 0.9892354 0.9891771 0.9891217 0.9890681 0.9890159 
Pyrite 0.9996524 0.9996431 0.9996340 0.9996248 0.9996158 0.9996069 0.9995980 0.9995892 0.9995805 0.9995719 0.9995633 
D'yrite Dep 0.0001726 0.0001633 0.0001542 0.0001450 0.0001360 0.0001271 0.0001182 0.0001094 0.0001007 0.0000921 0.0000835 
Muscovite 0.9995713 0.9995419 0.9995206 0.9995041 0.9994905 0.9994789 0.9994683 0.9994585 0.9994492 0.9994401 0.9994313 
IMusc. Dep -0.0004281 -0.0004575 -0.0004788 -0.0004953 -0.0005089 -0.0005205 -0.0005311 -0.0005409 -0.0005502 -0.0005593 -0.0005681 
Microcline 0.0012840 0.0013720 0.0014361 0.0014856 0.0015262 0.0015613 0.0015929 0.0016223 0.0016503 0.0016774 0.0017038 
IMicr. Dep 0.0012840 0.0013720 0.0014361 0.0014856 0.0015262 0.0015613 0.0015929 0.0016223 0.0016503 0.0016774 0.0017038 
H20 (*) 9.?IE-01 9.71E-01 9.71E-01 9.?IE-01 9.?IE-01 9.71E-01 9.71E-01 9.71E-01 9.71E-01 9.71E-01 9.71E-01 
H+ 6.12E-06 6.l IE-06 6.l IE-06 6.l IE-06 6.l IE-06 6. l IE-06 6.l IE-06 6.IOE-06 6. IOE-06 6.IOE-06 6.lOE-06 
OH- 3.93E-06 3.93E-06 3.93E-06 3.93E-06 3.93E-06 3.93E-06 3.93E-06 3.94E-06 3.94E-06 3.94E-06 3.94E-06 
C03-- 9.97E-10 6.05E-10 3.67E-10 2.23E-10 1.35E-10 8.21E-11 4.98E-11 3.02E-11 1.83E-11 1.l IE-11 6.75E-12 
HC03- 4.50E-05 2.73E-05 1.66E-05 1.0lE-05 6.IOE-06 3.70E-06 2.24E-06 l.36E-06 8.26E-07 5.0IE-07 3.04E-07 
H2C03 (aq) 1.02E-02 6.19E-03 3.75E-03 2.28E-03 l.38E-03 8.37E-04 5.08E-04 3.08E-04 l.87E-04 1.13E-04 6.87E-05 
H3Si04- 3.72E-06 3.73E-06 3.73E-06 3.73E-06 3.73E-06 3.73E-06 3.73E-06 3.73E-06 3.73E-06 3.73E-06 3.73E-06 
H4Si04 (aq) 7.75E-03 7.75E-03 7.75E-03 7.75E-03 7.75E-03 7.75E-03 
02 (aq) 3.31E-38 3.31E-38 3.31E-38 3.31E-38 3.31E-38 3.31E-38 
H2 (aq) 1.95E-04 1.95E-04 1.95E-04 l.95E-04 · l.95E-04 l.95E-04 
H2S (aq) 1.46E-04 1.44E-04 l.42E-04 1.40E-04 l.38E-04 l.37E-04 
HS- 5.38E-06 5.31E-06 5.24E-06 5.l?E-06 5.1 IE-06 5.05E-06 
S2--
S203-- · 
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04(aq) 
Ca Cl+ 
CaC12 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq: 
Al(OH)4-
Au+ 
AuOH(aq) 
Au(OH)2-
AuHS (aq) 
Au(HS)2-
Au2(HS)2S--
AuC12-
Au+++ 
AuCI4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCI2 (aq) 
Fe+++ 
FeCI++ 
CH4 (aq) 
Water (mo!) 
pH 
Eh(V) 
3.80E-15 
1.09E-16 
2.08E-13 
8.67E-17 
5.91E-13 
7.61E-ll 
2.31E-l l 
7.04E-Ol 
4.50E-05 
6.37E-01 
l.34E-05 
3.24E-08 
5.91E-05 
1.24E-10 
l.80E-Ol 
6.61E-02 
5.42E-07 
6.27E-ll 
4.09E-13 
3.52E-02 
7.32E-06 
1.51E-08 
3.93E-10 
4.82E-09 
2.96E-14 
2.03E-05 
9.50E-05 
5.59E-18 
6.81E-13 
l.37E-09 
6.45E-07 
1.58E-06 
1.IOE-17 
7.67E-11 
1.47E-12 
2.15E-09 
7.77E-l l 
1.60E-17 
l.95E-l l 
3.42E-56 
1.92E-33 
1.27E-04 
3.05E-l l 
l.77E-04 
5.16E-05 
l.07E-17 
7.84E-16 
2.30E-05 
5.44E+Ol 
5.449 
-0.531 
3.70E-15 
l.06E-16 
2.05E-13 
8.56E-17 
5.83E-13 
7.52E-ll 
2.28E-ll 
7.04E-Ol 
4.50E-05 
6.37E-Ol 
l.34E-05 
l.97E-08 
3.59E-05 
l.23E-10 
1.80E-01 
6.61E-02 
5.42E-07 
6.19E-11 
4.04E-13 
3.52E-02 
7.32E-06 
l.51E-08 
2.39E-10 
2.93E-09 
2.92E-14 
2.03E-05 
9.50E-05 
5.58E-18 
6.81E-13 
l.37E-09 
6.45E-07 
1.59E-06 
1.IOE-17 
7.67E-ll 
1.47E-12 
2.12E-09 
7.57E-11 
1.54E-17 
l.95E-ll 
3.41E-56 
l.92E-33 
l.30E-04 
3.09E-11 
1.82E-04 
5.30E-05 
1.09E-17 
8.04E-16 
1.40E-05 
5.44E+Ol 
5.449 
-0.531 
3.61E-15 
1.03E-16 
2.02E-13 
8.46E-17 
5.76E-13 
7.43E-11 
2.25E-11 
7.04E-01 
4.49E-05 
6.37E-01 
1.34E-05 
1.19E-08 
2.18E-05 
l.21E-10 
1.80E-01 
6.60E-02 
5.42E-07 
6.llE-11 
3.98E-13 
3.52E-02 
7.32E-06 
1.51E-08 
1.45E-10 
1.77E-09 
2.89E-14 
2.03E-05 
9.50E-05 
5.57E-18 
6.80E-13 
l.37E-09 
6.45E-07 
1.59E-06 
1.IOE-17 
7.67E-l 1 
1:47E-12 
2.09E-09 
7.37E-11 
1.48E-17 
1.95E-ll 
3.41E-56 
1.92E-33 
1.33E-04 
3.13E-11 
1.86E-04 
5.44E-05 
l.12E-17 
8.25E-16 
8.47E-06 
5.44E+Ol 
5.449 
-0.531 
3.52E-15 
1.0IE-16 
2.00E-13 
8.36E-17 
5.69E-13 
7.34E-11 
2.22E-11 
7.04E-01 
4.49E-05 
6.38E-01 
l.34E-05 
7.25E-09 
l.32E-05 
1.20E-10 
l.80E-01 
6.60E-02 
5.42E-07 
6.03E-11 
3.93E-13 
3.52E-02 
7.32E-06 
1.51E-08 
8.79E-ll 
1.08E-09 
2.85E-14 
2.03E-05 
9.51E-05 
5.56E-18 
6.80E-13 
l.37E-09 
6.45E-07 
1.59E-06 
1.IOE-17 
7.67E-11 
1.47E-12 
2.06E-09 
7.19E-11 
1.43E-17 
1.95E-11 
3.41E-56 
1.92E-33 
l.37E-04 
3.17E-11 
l.91E-04 
5.57E-05 
1.15E-17 
8.45E-16 
5.14E-06 
5.44E+Ol 
5.449 
-0.531 
3.44E-15 
9.84E-17 
1.97E-13 
8.26E-17 
5.62E-13 
7.25E-11 
2.20E-11 
7.04E-01 
4.49E-05 
6.38E-01 
1.34E-05 
4.40E-09 
8.0IE-06 
1.19E-10 
1.80E-01 
6.60E-02 
5.42E-07 
5.96E-11 
3.89E-13 
3.52E-02 
7.32E-06 
1.51E-08 
5.33E-11 
6.53E-10 
2.82E-14 
2.03E-05 
9.51E-05 
5.56E-18 
6.79E-13 
l.37E-09 
6.45E-07 
1.59E-06 
l.lOE-17 
7.67E-11 
1.47E-12 
2.04E-09 
7.02E-11 
l.38E-17 
l.95E-ll 
3.40E-56 
1.92E-33 
l.40E-04 
3.21E-ll 
l.96E-04 
5.71E-05 
1.18E-17 
8.65E-16 
3.12E-06 
5.44E+Ol 
5.449 
-0.531 
3.36E-15 
9.61E-17 
1.95E-13 
8.17E-17 
5.56E-13 
7.17E-11 
2.17E-11 
7.04E-01 
4.49E-05 
6.38E-Ol 
l.34E-05 
2.67E-09 
4.86E-06 
l.17E-10 
l.80E-Ol 
6.60E-02 
5.42E-07 
5.89E-l 1 
3.84E-13 
3.52E-02 
7.32E-06 
l.SlE-08 
3.24E-ll 
3.96E-10 
2.79E-14 
2.03E-05 
9.51E-05 
5.56E-18 
6.79E-13 
l.37E-09 
6.45E-07 
l.59E-06 
1.IOE-17 
7.67E-ll 
1.47E-12 
2.0lE-09 
6.86E-ll 
l.33E-17 
l.95E-ll 
3.40E-56 
l.92E-33 
l.43E-04 
3.25E-l l 
2.00E-04 
5.84E-05 
1.20E-17 
8.86E-16 
l.89E-06 
5.44E+Ol 
5.449 
-0.531 
Output from HCh Program 
7.75E-03 7.75E-03 7.75E-03 7.75E-03 7.75E-03 
3.3 lE-38 3.3 lE-38 3.3 IE-38 3.3 IE-38 3.3 lE-38 
l.95E-04 l.95E-04 1.95E-04 1.95E-04 1.95E-04 
l.35E-04 l.34E-04 l.32E-04 l.3 IE-04 l.30E-04 
5.00E-06 4.95E-06 4.89E-06 4.84E-06 4.80E-06 
3.28E-15 
9.40E-17 
1.93E-13 
8.08E-17 
5.49E-13 
7.09E-ll 
2.15E-ll 
7.04E-Ol 
4.49E-05 
6.38E-Ol 
1.34E-05 
1.62E-09 
2.95E-06 
l.16E-10 
l.80E-Ol 
6.60E-02 
5.42E-07 
5.83E-11 
3.80E-13 
3.52E-02 
7.32E-06 
1.51E-08 
1.96E-11 
2.40E-10 
2.76E-14 
2.03E-05 
9.51E-05 
5.56E-18 
6.79E-13 
l . 37E-09 
6.45E-07 
1.59E-06 
1.IOE-17 
7.67E-1 l 
1.47E-12 
1.99E-09 
6.71E-11 
1.29E-17 
1.95E-ll 
3.40E-56 
l.92E-33 
1.47E-04 
3.29E-ll 
2.05E-04 
5.97E-05 
1.23E-17 
9.05E-16 
1.15E-06 
5.44E+Ol 
5.449 
-0.531 
3.21E-15 
9.20E-17 
1.91E-13 
7.99E-17 
5.44E-13 
7.02E-11 
2.13E-ll 
7.04E-Ol 
4.49E-05 
6.38E-Ol 
l.34E-05 
9.83E-10 
l.79E-06 
l.15E-10 
l.80E-Ol 
6.60E-02 
5.42E-07 
5.77E-11 
3.76E-13 
3.52E-02 
7.32E-06 
l.51 E-08 
1.19E-ll 
l.46E-10 
2.73E-14 
2 .03E~05 
9.51E-05 
5.55E-18 
6.79E-13 
l.37E-09 
6.45E-07 
l.59E-06 
1.IOE-17 
7.67E-11 
1.47E-12 
l.97E-09 
6.56E-11 
l.24E-17 
l.95E-l l 
3.40E-56 
l.92E-33 
1.50E-04 
3.32E-l 1 
2.09E-04 
6.lOE-05 
1.26E-17 
9.25E-16 
6.95E-07 
5.44E+Ol 
5.449 
-0.531 
3.15E-15 
9.0IE-17 
l.89E-13 
7.91E-17 
5.38E-13 
6.95E-ll 
2.lOE-11 
7.04E-Ol 
4.49E-05 
6.38E-Ol 
l.34E-05 
5.96E-10 
l.09E-06 
1.14E-10 
1.80E-Ol 
6.60E-02 
5.42E-07 
5.71E-l l 
3.72E-13 
3.52E-02 
7.32E-06 
l.51E-08 
7.23E-12 
8.85E-ll 
2.70E-14 
2.03E-05 
9.51E-05 
5.55E-18 
6.79E-13 
l.37E-09 
6.45E-07 
l.59E-06 
1.IOE-17 
7.67E-11 
1.47E-12 
l.95E-09 
6.43E-l l 
1.21E-17 
l.95E-l 1 
3.40E-56 
1.92E-33 
l.53E-04 
3.36E-1 l 
2.14E-04 
6.23E-05 
l.29E-17 
9.45E-16 
4.22E-07 
5.44E+Ol 
5.45 
-0.531 
3.08E-15 3.02E-15 
8.83E-17 . 8.65E-17 
l.87E-13 l.85E-13 
7.83E-17 7.76E-17 
5.32E-13 5.27E-13 
6.88E-l l 6.81E-1 l 
2.08E-1 l 2.06E-l l 
7.04E-Ol 7.04E-Ol 
4.49E-05 4.49E-05 
6.38E-Ol 6.38E-Ol 
l.34E-05 l.34E-05 
3.62E-10 2.20E-10 
6.59E-07 4.00E-07 
1.12E-10 1.l IE-10 
1.80E-O 1 l.80E-O 1 
6.60E-02 6.59E-02 
5.42E-07 5.42E-07 
5.65E-l l 5.59E-11 
3.68E-13 
3.52E-02 
7.32E-06 
l.51E-08 
4.39E-12 
5.37E-ll 
2.67E-14 
2.03E-05 
9.51E-05 
5.55E-18 
6.78E-13 
l.37E-09 
6.45E-07 
l.59E-06 
1.IOE-17 
7.67E-11 
l.47E-12 
l.93E-09 
6.30E-l 1 
1.17E-17 
l.95E-ll 
3.40E-56 
l.92E-33 
1.56E-04 
3.39E-ll 
2.18E-04 
6.36E-05 
l.31E-17 
9.64E-16 
2.56E-07 
5.43E+Ol 
5.45 
-0.531 
3.64E-13 
3.52E-02 
7.32E-06 
l.51E-08 
2.66E-12 
3.26E-11 
2.65E-14 
2.03E-05 
9.51E-05 
5.55E-18 
6.78E-13 
l.37E-09 
6.45E-07 
l.59E-06 
1.IOE-17 
7.67E-ll 
l.47E-12 
l.91E-09 
6.17E-ll 
l.14E-17 
l.95E-ll 
3.40E-56 
l.91E-33 
l.59E-04 
3.43E-l l 
2.22E-04 
6.49E-05 
l.34E-17 
9.84E-16 
l.55E-07 
5.43E+Ol 
5.45 
-0.531 
Appendix 5.1.1 
Calcite Unsaturated Boiling to Muscovite-K-feldspar Buffer, T = 280°C 
Step 21 22 23 24 25 26 27 28 29 30 31 
Quartz 0.9889646 0.9889140 0.9888640 0.9888145 0.9887655 0.9887168 0.9886686 0.9886207 0.9885731 0.9885259 0.9884790 
Pyrite 0.9995548 0.9995464 0.9995380 0.9995297 0.9995214 0.9995132 0.9995051 0.9994970 0.9994890 0.9994811 0.9994732 
I.Pyrite Dep 0.0000750 0.0000666 0.0000582 0.0000499 0.0000416 0.0000334 0.0000253 0.0000172 0.0000092 0.0000013 -0.0000066 
Muscovite 0.9994227 0.9994141 0.9994057 0.9993973 0.9993891 0.9993809 0.9993727 0.9993646 0.9993566 0.9993486 0.9993407 
IMusc. Dep -0.0005767 -0.0005853 -0.0005937 -0.0006021 -0.0006103 -0.0006185 -0.0006267 -0.0006348 -0.0006428 -0.0006508 -0.0006587 
Microcline 0.0017298 0.0017554 0.0017807 0.0018058 0.0018306 0.0018553 0.0018797 0.0019040 0.0019281 0.0019520 0.0019757 
IMicr. Dep 0.0017298 0.0017554 0.0017807 0.0018058 0.0018306 0.0018553 0.0018797 0.0019040 0.0019281 0.0019520 0.0019757 
H20 (*) 9.71E-Ol 9.71E-01 9.71E-Ol 9.71E-Ol 9.71E-01 9.71E-Ol 9.71E-01 9.71E-01 9.71E-Ol 9.71E-01 9.71E-Ol 
H+ 6.1 OE-06 6.1 OE-06 6. IOE-06 6.1 OE-06 6.1 OE-06 6.1 OE-06 6.1 OE-06 6.1 OE-06 6.1 OE-06 6. IOE-06 6.09E-06 
OH- 3.94E-06 3.94E-06 3.94E-06 3.94E-06 3.94E-06 3.94E-06 3.94E-06 3.94E-06 3.94E-06 3.94E-06 3.94E-06 
C03-- 4.lOE-12 2.49E-12 
HC03- I.84E-07 l.l 2E-07 
H2C03 (aq) 4. l 7E-05 2.53E-05 
H3Si04- 3.73E-06 3.73E-06 
H4Si04 (aq) 7.75E-03 7.75E-03 
02 (aq) 3.31E-38 3.31E-38 
H2 (aq) I.95E-04 l.95E-04 
H2S (aq) 1.28E-04 I.27E-04 
HS- 4.75E-06 4.71E-06 
S2-- 2.97E-15 2.91E-15 
5203-- 8.49E-17 8.33E-17 
502 (aq) 1.83E-13 I.81E-13 
503-- 7.68E-17 7.61E-17 
HS03- 5.22E-13 5.17E-13 
504-- 6.75E-l l 6.68E-ll 
HS04- 2.04E-ll 2.02E-ll 
Cl- 7.04E-Ol 7.04E-01 
HCl (aq) 4.49E-05 4.49E-05 
Na+ 6.38E-O 1 6.38E-01 
NaOH (aq) l.34E-05 I.34E-05 
NaC03- I.33E-10 8.08E-l l 
NaHC03 (aq 2.42E-07 I.47E-07 
NaS04- l.IOE-10 I.09E-10 
NaCl (aq) l.80E-O 1 I.80E-O 1 
K+ 6.59E-02 6.59E-02 
KOH (aq) 5.42E-07 5.42E-07 
KS04- 5.54E-l l 5.49E-l l 
KHS04 (aq) 3.61E-13 3.57E-13 
KC! (aq) 3.52E-02 3.52E-02 
Ca++ 7.32E-06 7.32E-06 
CaOH+ I.51E-08 l.51E-08 
CaC03 (aq) I.61E-12 9.79E-13 
CaHC03+ I.97E-l l I.20E-l l 
CaS04 (aq) 2.62E-14 2.60E-14 
CaCl+ 2.03E-05 2.03E-05 
CaC12 (aq) 9.51E-05 9.51E-05 
Al+++ 5.55E-18 5.54E-18 
AlOH++ 6.78E-13 6.78E-13 
Al(OH)2+ I.37E-09 I.37E-09 
Al(OH)3 (aq: 6.45E-07 6.45E-07 
Al(OH)4- l.59E-06 l.59E-06 
Au+ l.IOE-17 l.lOE-17 
AuOH (aq) 7.67E-l l 7.67E-l l 
Au(OH)2- 1.47E-12 I.47E-12 
AuHS (aq) I.89E-09 l.87E-09 
Au(HS)2- 6.05E-l l 5.94E-l l 
Au2(HS)2S-- 1.1 OE-17 I.07E-l 7 
AuC12- I.95E-l l I.95E-l l 
Au+++ 3.40E-56 3.39E-56 
AuCl4- I.9IE-33 I.91E-33 
Fe++ I.62E-04 I.65E-04 
FeS04 (aq) 3.46E-l l 3.50E-l l 
FeCl+ 2.27E-04 2.31E-04 
FeC12 (aq) 6.62E-05 6.74E-05 
Fe+++ I.36E-17 I.39E-17 
FeCI++ l.OOE-15 l.02E-15 
CH4 (aq) 9.41E-08 5.71E-08 
Water (mol) 5.43E+Ol 5.43E+Ol 
pH 5.45 5.45 
Eh (V) -0.531 -0.531 
I.51E-12 
6.79E-08 
l.53E-05 
3.73E-06 
7.75E-03 
3.31E-38 
1.95E-04 
l.26E-04 
4.66E-06 
2.86E-15 
8.18E-17 
1.80E-13 
7.54E-17 
5.13E-13 
6.62E-ll 
2.00E-11 
7.04E-Ol 
4.49E-05 
6.38E-Ol 
I.34E-05 
4.90E-ll 
8.92E-08 
l.08E-IO 
l.80E-Ol 
6.59E-02 
5.42E-07 
5.44E-ll 
3.54E-13 
3.52E-02 
7.32E-06 
l.51E-08 
5.94E-13 
7.27E-12 
2.57E-14 
2.03E-05 
9.51E-05 
5.54E-18 
6.78E-13 
l.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-ll 
l.47E-12 
I.86E-09 
5.83E-ll 
l.04E-17 
I.95E-l l 
3.39E-56 
I.9IE-33 
l.69E-04 
3.53E-l l 
2.35E-04 
6.87E-05 
1.42E-17 
I.04E-15 
3.46E-08 
5.43E+Ol 
5.45 
-0.531 
9.15E-13 
4.12E-08 
9.30E-06 
3.73E-06 
7.75E-03 
3.31E-38 
l.95E-04 
l.25E-04 
4.62E-06 
2.81E-15 
8.04E-17 
I.78E-13 
7.48E-17 
5.08E-13 
6.57E-ll 
I.99E-11 
7.05E-01 
4.49E-05 
6.38E-Ol 
I.35E-05 
2.98E-11 
5.41E-08 
l.07E-10 
l.80E-Ol 
6.59E-02 
5.42E-07 
5.39E-ll 
3.51E-13 
3.52E-02 
7.32E-06 
l.51E-08 
3.60E-13 
4.41E-12 
2.55E-14 
2.03E-05 
9.51E-05 
5.54E-18 
6.78E-13 
I.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-ll 
l.47E-12 
I.84E-09 
5.73E-ll 
I.02E-17 
l.95E-ll 
3.39E-56 
I.9IE-33 
I.72E-04 
3.56E-ll 
2.40E-04 
6.99E-05 
1.44E-17 
l.06E-15 
2.lOE-08 
5.43E+Ol 
5.45 
-0.531 
5.55E-13 
2.50E-08 
5.64E-06 
3.73E-06 
7.75E-03 
3.3 IE-38 
I.95E-04 
l.24E-04 
4.58E-06 
2.76E-15 
7.90E-17 
l.76E-13 
7.41E-17 
5.04E-13 
6.51E-ll 
l.97E-11 
7.05E-Ol 
4.49E-05 
6.38E-Ol 
I.35E-05 
I.81E-11 
3.28E-08 
I.06E-10 
I.80E-01 
6.59E-02 
5.42E-07 
5.34E-11 
3.48E-13 
3.52E-02 
7.32E-06 
l.51E-08 
2.19E-13 
2.67E-12 
2.53E-14 
2.03E-05 
9.52E-05 
5.54E-18 
6.78E-13 
l.37E-09 
6.45E-07 
1.59E-06 
l.lOE-17 
7.67E-11 
I.47E-12 
l.82E-09 
5.63E-l l 
9.89E-18 
1.95E-11 
3.39E-56 
I.91E-33 
I.75E-04 
3.59E-ll 
2.44E-04 
7.12E-05 
I.47E-17 
l.08E-15 
l.27E-08 
5.43E+Ol 
5.45 
-0.531 
3.37E-13 
l.51E-08 
3.42E-06 
3.74E-06 
7.75E-03 
3.31E-38 
l.95E-04 
l.23E-04 
4.54E-06 
2.71E-15 
7.77E-17 
I.75E-13 
7.35E-17 
4.99E-13 
6.46E-11 
l.95E-ll 
7.05E-Ol 
4.49E-05 
6.38E-01 
I.35E-05 
l.IOE-11 
I.99E-08 
l.06E-10 
l.80E-Ol 
6.59E-02 
5.42E-07 
5.30E-ll 
3.45E-13 
3.52E-02 
7.32E-06 
l.51E-08 
I.33E-13 
I.62E-12 
2.51E-14 
2.03E-05 
9.52E-05 
5.54E-18 
6.78E-13 
I.37E-09 
6.45E-07 
I.59E-06 
l.IOE-17 
7.67E-l l 
l.47E-12 
1.81E-09 
5.53E-ll 
9.64E-18 
l.95E-ll 
3.39E-56 
I.91E-33 
l.78E-04 
3.62E-l 1 
2.48E-04 
7.24E-05 
l.49E-17 
l.IOE-15 
7.73E-09 
5.43E+Ol 
5.45 
-0.531 
Output from HCh Program 
2.04E-13 1.24E-13 
9.19E-09 5.57E-09 
2.08E-06 l.26E-06 
3.74E-06 3.74E-06 
7.75E-03 7.75E-03 
3.3 lE-38 3.3 IE-38 
I.95E-04 1.95E-04 
l.22E-04 1.21 E-04 
4.51E-06 4.47E-06 
2.67E-15 2.63E-15 
7.64E-17 7.52E-17 
l.73E-13 l.72E-13 
7.29E-17 7.24E-17 
4.95E-13 4.91E-13 
6.41E-l l 6.35E-l l 
I.94E-l l l.92E-l l 
7.05E-Ol 7.05E-01 
4.49E-05 4.49E-05 
6.38E-Ol 6.38E-Ol 
l.35E-05 l.35E-05 
6.65E-12 4.03E- l 2 
1.21E-08 7.33E-09 
I.05E-10 l.04E-10 
l.81E-01 I.81E-Ol 
6.59E-02 6.59E-02 
5.42E-07 5.42E-07 
5.25E-1 l 5.21E-l l 
3.42E-13 3.39E-13 
3.52E-02 3.52E-02 
7.32E-06 7.32E-06 
l.51E-08 l.51E-08 
8.05E-14 4.88E-14 
9.84E-13 5.97E-13 
2.49E-14 2.47E-14 
2.03E-05 2.03E-05 
9.52E-05 9.52E-05 
5.54E-18 5.53E-18 
6.77E-13 6.77E-13 
I.37E-09 I.37E-09 
6.45E-07 6.45E-07 
1.59E-06 l.59E-06 
l.IOE-17 l.IOE-17 
7.67E-l l 7.67E-l l 
l.47E-12 l.47E-12 
l.79E-09 l.78E-09 
5.44E-l l 5.35E-l l 
9.40E-18 9.18E-18 
1.95E-l l 1.95E-l l 
3.39E-56 3.39E-56 
1.91E-33 l.91E-33 
1.81 E-04 1.84E-04 
3.65E-l l 3.68E-l l 
2.52E-04 2.56E-04 
7 .36E-05 7.48E-05 
l.52E- l 7 l.54E- l 7 
l.l lE-15 l.13E-15 
4.69E-09 2.84E-09 
5.43E+Ol 5.43E+Ol 
5.45 5.45 
-0.531 -0.531 
7.52E-14 
3.38E-09 
7.64E-07 
3.74E-06 
7.75E-03 
3.31E-38 
1.95E-04 
l.20E-04 
4.43E-06 
2.58E-15 
7.40E-17 
l.71E-13 
7.18E-17 
4.87E-13 
6.31E-ll 
l.91E-ll 
7.05E-Ol 
4.49E-05 
6.38E-Ol 
I.35E-05 
2.45E-12 
4.45E-09 
I.03E-10 
l.8IE-Ol 
6.59E-02 
5.42E-07 
5.17E-ll 
3.36E-13 
3.51E-02 
7.32E-06 
l.51E-08 
2.96E-14 
3.62E-13 
2.45E-14 
2.03E-05 
9.52E-05 
5.53E-18 
6.77E-13 
I.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-ll 
1.47E-12 
I.76E-09 
5.27E-11 
8.96E-18 
l.95E-ll 
3.39E-56 
I.91E-33 
l.86E-04 
3.71E-ll 
2.61E-04 
7.60E-05 
l.57E-17 
l.15E-15 
l.72E-09 
5.43E+Ol 
5.45 
-0.531 
4.56E-14 
2.05E-09 
4.63E-07 
3.74E-06 
7.75E-03 
3.31E-38 
1.95E-04 
l.19E-04 
4.40E-06 
2.55E-15 
7.28E-17 
1.69E-13 
7.13E-17 
4.84E-13 
6.26E-ll 
1.89E-l l 
7.05E-Ol 
4.49E-05 
6.38E-Ol 
I.35E-05 
1.48E-12 
2.70E-09 
l.02E-10 
I.8IE-01 
6.59E-02 
5.42E-07 
5.13E-11 
3.34E-13 
3.51E-02 
7.32E-06 
1.51E-08 
I.80E-14 
2.20E-13 
2.43E-14 
2.03E-05 
9.52E-05 
5.53E-18 
6.77E-13 
I.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-11 
I.47E-12 
l.75E-09 
5.19E-ll 
8.76E-18 
l.95E-11 
3.39E-56 
I.9IE-33 
l.89E-04 
3.74E-ll 
2.65E-04 
7.72E-05 
l.59E-17 
l.17E-15 
l.05E-09 
5.43E+Ol 
5.45 
-0.531 
2.77E-14 
1.24E-09 
2.81E-07 
3.74E-06 
7.75E-03 
3.3 lE-38 
l.95E-04 
l.18E-04 
4.37E-06 
2.51E-15 
7.18E-17 
I.68E-13 
7.07E-17 
4.80E-13 
6.21E-11 
l.88E-11 
7.05E-01 
4.49E-05 
6.38E-01 
I.35E-05 
9.0IE-13 
l.64E-09 
l.02E-10 
l.81E-Ol 
6.59E-02 
5.42E-07 
5.09E-11 
3.31E-13 
3.51E-02 
7.32E-06 
l.51E-08 
l.09E-14 
I.33E-13 
2.41E-14 
2.03E-05 
9.52E-05 
5.53E-18 
6.77E-13 
I.37E-09 
6.45E-07 
I.59E-06 
l.IOE-17 
7.67E-ll 
l.47E-12 
l.74E-09 
5.llE-11 
8.56E-18 
l.95E-ll 
3.39E-56 
I.91E-33 
I.92E-04 
3.77E-ll 
2.69E-04 
7.84E-05 
l.61E-17 
l.19E-15 
6.34E-10 
5.43E+Ol 
5.45 
-0.531 
Appendix 5.1.1 
Calcite Unsaturated Boiling to Muscovite-K-feldspar Buffer, T = 280°C 
Step 32 33 34 35 36 37 38 39 40 
Quartz 0.9884324 0.9883861 0.9883402 0.9882945 0.9882491 0.9882039 0.9881591 0.9881145 0.9880702 
Pyrite 0.9994653 0.9994575 0.9994497 0.9994420 0.9994344 0.9994268 0.9994192 0.9994117 0.9994042 
IPyrite Dep -0.0000145 -0.0000223 -0.0000301 -0.0000378 -0.0000454 -0.0000530 -0.0000606 -0.0000681 -0.0000756 
Muscovite 0.9993328 0.9993250 0.9993172 0.9993095 0.9993018 0.9992942 0.9992866 0.9992791 0.9992716 
IMusc. Dep -0.0006666 -0.0006744 -0.0006822 -0.0006899 -0.0006976 -0.0007052 -0.0007128 -0.0007203 -0.0007278 
Microc!ine 0.0019994 0.0020228 0.0020461 0.0020693 0.0020923 0.0021152 0.0021379 0.0021605 0.0021830 
IMicr. Dep 0.0019994 0.0020228 0.0020461 0.0020693 0.0020923 0.0021152 0.0021379 0.0021605 0.0021830 
H20 (*) 9.71E-01 9.71E-Ol 9.71E-Ol 9.71E-Ol 9.71E-Ol 9.71E-Ol 9.71E-Ol 9.71E-Ol 9.71E-Ol 
H+ 6.09E-06 6.09E-06 6.09E-06 6.09E-06 6.09E-06 6.09E-06 6.09E-06 6.09E-06 6.09E-06 
OH- 3.94E-06 3.94E-06 3.94E-06 3.95E-06 3.95E-06 3.95E-06 3.95E-06 3.95E-06 3.95E-06 
C03-- l.68E-14 l.02E-14 6.18E-15 3.75E-15 2.28E-15 l.38E-15 8.38E-16 5.08E-16 3.08E-16 
HC03- 7.55E-10 4.58E-10 2.78E-10 l.69E-10 l.02E-10 6.20E-11 3.76E-ll 2.28E-ll l.38E-ll 
H2C03 (aq) !.70E-07 !.03E-07 6.27E-08 3.80E-08 2.3 lE-08 l.40E-08 8.49E-09 5.15E-09 3.12E-09 
H3Si04- 3.74E-06 3.74E-06 3.74E-06 3.74E-06 3.74E-06 3.74E-06 3.74E-06 3.74E-06 3.74E-06 
H4Si04 (aq) 7.75E-03 7.75E-03 7.75E-03 7.75E-03 7.75E-03 7.75E-03 7.75E-03 7.75E-03 7.75E-03 
02 (aq) 3.3 !E-38 3.3 IE-38 3.3 !E-38 3.3 !E-38 3.3 !E-38 3.3 lE-38 3.3 !E-38 3.3 !E-38 3.3 !E-38 
H2 (aq) l.95E-04 l.95E-04 l.95E-04 l.95E-04 l.95E-04 !.95E-04 l.95E-04 l.95E-04 l.95E-04 
H2S (aq) l.17E-04 l.16E-04 l.15E-04 l.14E-04 l.14E-04 l.13E-04 l.12E-04 l.l !E-04 1.1 !E-04 
HS- 4.33E-06 4.30E-06 4.27E-06 4.24E-06 4.21E-06 4.19E-06 4.16E-06 4.13E-06 4.llE-06 
S2-- 2.47E-15 2.43E-15 2.40E-15 2.37E-15 2.34E-15 2.30E-15 2.27E-15 2.25E-15 2.22E-15 
S203-- 7.07E-17 6.97E-17 6.87E-17 6.78E-17 6.68E-17 6.60E-17 6.51E-17 6.43E-17 6.35E-17 
S02 (aq) l.67E-13 l.66E-13 l.64E-13 l.63E-13 l.62E-13 l.61E-13 l.60E-13 1.59E-13 l.58E-13 
S03-- 7.02E-17 6.97E-17 6.92E-17 6.88E-17 6.83E-17 6.79E-17 6.74E-17 6.70E-17 6.66E-17 
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04(aq) 
Ca Cl+ 
CaC12 (aq) 
Al+++ 
A!OH++ 
A1(0H)2+ 
Al(OH)3 (aq: 
A!(OH)4-
Au+ 
AuOH (aq) 
Au(OH)2-
AuHS (aq) 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuC14-
Fe++ 
FeS04 (aq) 
FeCl+ 
FeCl2 (aq) 
Fe+++ 
FeCl++ 
CH4 (aq) 
Water (mol) 
pH 
Eh(V) 
4.76E-13 
6.17E-l l 
l.86E-l l 
7.05E-Ol 
4.49E-05 
6.38E-Ol 
l.35E-05 
5.46E-13 
9.93E-10 
l.O!E-10 
l.81E-01 
6.59E-02 
5.42E-07 
5.05E-11 
3.29E-13 
3.51E-02 
7.32E-06 
l.51E-08 
6.62E-15 
8.08E-14 
2.39E-14 
2.03E-05 
9.52E-05 
5.53E-18 
6.77E-13 
l.37E-09 
6.45E-07 
1.59E-06 
l.IOE-17 
7.67E-l l 
l.48E-12 
l.72E-09 
5.03E-l l 
8.37E-18 
l.95E-11 
3.39E-56 
!.91E-33 
l.95E-04 
3.SOE-11 
2.73E-04 
7.96E-05 
l.64E-17 
l.20E-15 
3.85E-10 
5.43E+Ol 
5.45 
-0.531 
4.73E-13 
6.12E-ll 
l.85E-ll 
7.05E-Ol 
4.49E-05 
6.38E-Ol 
l.35E-05 
3.32E-13 
6.02E-IO 
l.OOE-10 
l.81E-Ol 
6.59E-02 
5.42E-07 
5.02E-l 1 
3.26E-13 
3.51E-02 
7.32E-06 
1.51E-08 
4.0lE-15 
4.90E-14 
2.38E-14 
2.03E-05 
9.52E-05 
5.53E-18 
6.77E-13 
l.37E-09 
6.45E-07 
1.59E-06 
l.IOE-17 
7.67E-l l 
l.48E-12 
l.71E-09 
4.96E-11 
8.19E-18 
l.95E-l 1 
3.39E-56 
l.91E-33 
l.98E-04 
3.83E-11 
2.77E-04 
8.08E-05 
l.66E-17 
l.22E-15 
2.33E-10 
5.43E+Ol 
5.45 
-0.531 
4.70E-13 
6.08E-11 
l.84E-11 
7.05E-01 
4.49E-05 
6.38E-01 
l.35E-05 
2.0!E-13 
3.65E-10 
9.95E-ll 
!.81E-Ol 
6.59E-02 
5.42E-07 
4.98E-11 
3.24E-13 
3.51E-02 
7.32E-06 
l.51E-08 
2.43E-15 
2.97E-14 
2.36E-14 
2.03E-05 
9.52E-05 
5.52E-18 
6.77E-13 
l.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-l 1 
l.48E-12 
1.70E-09 
4.89E-11 
8.02E-18 
l.95E-11 
3.39E-56 
l.91E-33 
2.0lE-04 
3.86E-ll 
2.81E-04 
8.19E-05 
J.69E-17 
l.24E-15 
l.42E-10 
5.43E+Ol 
5.45 
-0.531 
4.66E-13 
6.04E-11 
l.82E-ll 
7.05E-01 
4.49E-05 
6.39E-01 
l.35E-05 
l.22E-13 
2.22E-10 
9.88E-11 
l.81E-01 
6.59E-02 
5.42E-07 
4.95E-11 
3.22E-13 
3.51E-02 
7.32E-06 
l.51E-08 
!.48E-15 
l.80E-14 
2.34E-14 
2.03E-05 
9.52E-05 
5.52E-18 
6.77E-13 
l.37E-09 
6.45E-07 
1.59E-06 
l.IOE-17 
7.67E-11 
!.48E-12 
l.69E-09 
4.82E-ll 
7.85E-18 
l.95E-l l 
3.39E-56 
!.91E-33 
2.04E-04 
3.88E-ll 
2.85E-04 
8.31E-05 
l.71E-17 
l.26E-15 
8.59E-ll 
5.43E+Ol 
5.45 
-0.531 
4.63E-13 
6.00E-11 
l.81E-ll 
7.05E-01 
4.49E-05 
6.39E-Ol 
l.35E-05 
7.40E-14 
l.34E-10 
9.81E-ll 
l.81E-Ol 
6.58E-02 
5.42E-07 
4.91E-ll 
3.19E-13 
3.51E-02 
7.32E-06 
l.51E-08 
8.96E-16 
l.09E-14 
2.33E-14 
2.03E-05 
9.52E-05 
5.52E-1 8 
6.76E-13 
J.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-ll 
l.48E-12 
l.67E-09 
4.76E-ll 
7.69E-18 
l.95E-11 
3.38E-56 
l.91E-33 
2.06E-04 
3.9!E-ll 
2.89E-04 
8.42E-05 
l.73E-17 
l.27E-15 
5.21E-l l 
5.43E+Ol 
5.45 
-0.531 
4.60E-13 
5.96E-11 
l.80E-11 
7.05E-OI 
4.49E-05 
6.39E-Ol 
J.35E-05 
4.49E-14 
8.16E-ll 
9.75E-ll 
l.81E-Ol 
6.58E-02 
5.42E-07 
4.88E-ll 
3.17E-13 
3.51E-02 
7.32E-06 
l.51E-08 
5.44E-16 
6.64E-15 
2.31E-14 
2.03E-05 
9.53E-05 
5.52E-18 
6.76E-13 
J.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-l 1 
l.48E-12 
l.66E-09 
4.69E-11 
7.54E-18 
l.95E-l 1 
3.38E-56 
l.91E-33 
2.09E-04 
3.94E-1 l 
2.92E-04 
8.54E-05 
l.76E-17 
l.29E-15 
3.16E-ll 
5.43E+Ol 
5.45 
-0.531 
Output from HCh Program 
4.57E-13 
5.92E-11 
l.79E-ll 
7.05E-Ol 
4.49E-05 
6.39E-Ol 
l.35E-05 
2.73E-14 
4.95E-ll 
9.69E-l l 
l.81E-Ol 
6.58E-02 
5.42E-07 
4.85E-11 
3.15E-13 
3.51E-02 
7.32E-06 
l.51E-08 
3.30E-16 
4.03E-15 
2.30E-14 
2.03E-05 
9.53E-05 
5.52E-18 
6.76E-13 
l.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-ll 
l.48E-12 
l.65E-09 
4.63E-ll 
7.39E-18 
l.95E-11 
3.38E-56 
l.9!E-33 
2.12E-04 
3.96E-11 
2.96E-04 
8.65E-05 
l.78E-17 
J.31E-15 
l.92E-ll 
5.43E+Ol 
5.451 
-0.531 
4.54E-13 
5.89E-ll 
l.78E-ll 
7.05E-Ol 
4.49E-05 
6.39E-01 
l.35E-05 
l.65E-14 
3.00E-11 
9.63E-11 
l.81E-Ol 
6.58E-02 
5.42E-07 
4.82E-11 
3.13E-13 
3.51E-02 
7.32E-06 
l.51E-08 
2.00E-16 
2.44E-15 
2.28E-14 
2.03E-05 
9.53E-05 
5.52E-18 
6.76E-13 
l.37E-09 
6.45E-07 
l.59E-06 
l.IOE-17 
7.67E-ll 
l.48E-12 
J.64E-09 
4.57E-11 
7.25E-18 
l.95E-ll 
3.38E-56 
l.91E-33 
2.15E-04 
3.99E-11 
3.00E-04 
8.76E-05 
J.80E-17 
l.33E-15 
1.16E-ll 
5.43E+Ol 
5.451 
-0.531 
4.51E-13 
5.85E-ll 
l.77E-11 
7.05E-Ol 
4.48E-05 
6.39E-Ol 
J.35E-05 
l.OOE-14 
l.82E-ll 
9.57E-l 1 
l.81E-Ol 
6.58E-02 
5.42E-07 
4.79E-ll 
3.llE-13 
3.51E-02 
7.32E-06 
l.51E-08 
l.21E-16 
l.48E-15 
2.27E-14 
2.03E-05 
9.53E-05 
5.52E-18 
6.76E-13 
l.37E-09 
6.45E-07 
!.59E-06 
l.IOE-17 
7.67E-ll 
l.48E-12 
l.63E-09 
4.51E-ll 
7.llE-18 
l.95E-11 
3.38E-56 
l.91E-33 
2.18E-04 
4.0!E-11 
3.04E-04 
8.88E-05 
l.83E-17 
J.34E-15 
7.05E-12 
5.43E+Ol 
5.451 
-0.531 
Appendix 5.1.2 
Calcite Saturated Boiling to Muscovite-K-feldspar Buffer, T=280°C 
Step 0 I 2 3 4 6 7 8 9 10 
Quartz 0.9932191 0.9929989 0.9928615 0.9927767 0.9927249 0.9926934 0.9926743 0.9926627 0.9926556 0.9860313 0.9510040 
Pyrite 0.9994656 0.9994979 0.9995245 0.9995463 0.9995642 0.9995787 0.9995905 0.9996000 0.9996076 0.9996126 0.9996110 
D'yrite Dep 0.0000000 0.0000323 0.0000589 0.0000807 0.0000986 0.0001131 0.0001249 0.0001344 0.0001420 0.0001470 0.0001454 
Calcite 0.7486872 0.7490574 0.7493457 0.7495694 0.7497427 0.7498765 0.7499793 0.7500577 0.7501169 0.7490566 0.7432455 
ICalcite Dep 0.0000000 0.0003702 0.0006585 0.0008822 0.0010555 0.0011893 0.0012921 0.0013705 0.0014297 0.0003694 -0.0054417 
Muscovite 0.9999995 0.9999995 0.9999995 0.9999995 0.9999995 0.9999994 0.9999994 0.9999994 0.9999993 0.9988960 0.9930588 
IMusc. Dep 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 -0.0000001 -0.0000001 -0.0000001 -0.0000002 -0.0011035 -0.0069407 
Microcline 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0033098 0.0208212 
IMicr. Dep 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0033098 0.0208212 
H20 (*) 9.08E-01 9.30E-0 1 9.44E-01 9.52E-01 9.57E-01 9.61E-01 9.62E-OI 9.64E-01 9.64E-01 9.65E-01 9.65E-01 
H+ 5.89E-05 4.49E-05 3.45E-05 2.66E-05 2.06E-05 l.60E-05 l.24E-05 9.66E-06 7.50E-06 5.93E-06 5.24E-06 
OH- 4.53E-07 5.78E-07 7.40E-07 9.49E-07 l.22E-06 l.56E-06 2.0lE-06 2.58E-06 3.32E-06 4.20E-06 4.75E-06 
C03-- 4.90E-09 4.79E-09 4.72E-09 4.69E-09 4.67E-09 4.65E-09 4.65E-09 4.64E-09 4.64E-09 4.61E-09 4.44E-09 
HC03- 1.83E-03 1.41E-03 l.09E-03 8.42E-04 6.54E-04 5.08E-04 3.95E-04 3.07E-04 2.39E-04 1.88E-04 l.60E-04 
H2C03 (aq) 
H3Si04-
H4Si04 (aq) 
02(aq) 
H2(aq) 
H2S (aq) 
HS-
S2--
S203--
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH (aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) · 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04 (aq) 
CaCI+ 
CaCl2 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOH(aq) 
Au(OH)2-
AuHS (aq) 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4 (aq) 
Water (mol) 
pH 
Eh(V) 
3.60E+OO 
3.97E-07 
7.20E-03 
3.53E-38 
1.94E-04 
1.13E-03 
·.4.84E-06 
3.21E-15 
9.18E-17 
l.73E-12 
9.38E-18 
5.29E-13 
8.37E-12 
2.06E-11 
8.06E-01 
4.42E-04 
6.61E-01 
1.41E-06 
1.38E-07 
2.20E-03 
1.1 7E-11 
I.87E-01 
6.96E-02 
5.71E-08 
5.92E-12 
3.36E-13 
3.66E-02 
1.62E-02 
3.31E-06 
3.33E-06 
3.75E-04 
5.51E-12 
4.39E-02 
2.06E-01 
1.14E-14 
1.47E-10 
2.85E-08 
l.36E-06 
3.58E-07 
1.12E-16 
7.89E-11 
1.62E-13 
1.72E-08 
5.23E-10 
9.87E-17 
2.IOE-10 
3.70E-53 
l.88E-30 
2.05E-04 
4.16E-12 
2.81E-04 
8.21E-05 
1.89E-1 6 
l.25E-14 
7.60E-03 
5.23E+OI 
4.497 
-0.425 
2.17E+OO 
5.20E-07 
7.38E-03 
3.44E-38 
l.94E-04 
8.97E-04 
4.90E-06 
3.28E-15 
9.38E-17 
1.34E-12 
1.21E-17 
5.36E-13 
1.08E-11 
2.09E-11 
7.96E-01 
3.42E-04 
6.54E-OI 
1.83E-06 
1.38E-07 
1.72E-03 
1.54E-11 
1.88E-01 
6.86E-02 
7.41E-08 
7.78E-12 
3.46E-13 
3.68E-02 
1.55E-02 
4.19E-06 
3.25E-06 
2.86E-04 
7.lOE-12 
4.30E-02 
2.06E-01 
4.59E-15 
7.75E-l 1 
l.99E-08 
1.25E-06 
4.29E-07 
8.41E-17 
7.80E-l I 
2.lOE-13 
1.35E-08 
4.25E-10 
8.19E-17 
1.63E-IO 
1.63E-53 
8.96E-31 
l.88E-04 
5.13E-12 
2.63E-04 
7.82E-05 
l.32E-16 
8.97E-15 
4.68E-03 
5.27E+Ol 
4.604 
-0.437 
1.3 lE+OO 
6.76E-07 
7.49E-03 
3.39E-38 
l.94E-04 
7.12E-04 
4.98E-06 
3.38E-15 
9.66E-17 
l.05E-12 
1.57E-17 
5.45E-13 
1.40E-11 
2.12E-11 
7.90E-01 
2.65E-04 
6.50E-01 
2.37E-06 
1.38E-07 
1.34E-03 
2.03E-11 
l.89E-01 
6.81E-02 
9.58E-08 
l.02E-11 
3.55E-13 
3.69E-02 
1.52E-02 
5.33E-06 
3.20E-06 
2.19E-04 
9.21E-12 
4.25E-02 
2.05E-01 
l.90E-15 
4.18E-11 
1.40E-08 
1.14E-06 
5.12E-07 
6.41E-17 
7.75E-1 I 
2.71E-13 
l.07E-08 
3.46E-10 
6.80E-17 
l.26E-10 
7.34E-54 
4.24E-31 
l.76E-04 
6.37E-12 
2.49E-04 
7.47E-05 
9.49E-17 
6.54E-15 
2.87E-03 
5.30E+OI 
4.712 
-0.449 
7.90E-01 
8.75E-07 
7.56E-03 
3.36E-38 
1.94E-04 
5.65E-04 
5.06E-06 
3.49E-15 
9.98E-17 
8.22E-13 
2.04E-17 
5.54E-13 
l.82E-ll 
2.16E-11 
7.87E-01 
2.06E-04 
6.47E-01 
3.06E-06 
1.38E-07 
1.05E-03 
2.66E-11 
1.89E-01 
6.77E-02 
1.24E-07 
1.34E-11 
3.64E-13 
3.70E-02 
l.49E-02 
6.81E-06 
3.18E-06 
1.69E-04 
1.20E-11 
4.21E-02 
2.05E-01 
8.02E-16 
2.28E-1 I 
9.92E-09 
1.05E-06 
6.09E-07 
4.92E-17 
7.72E-11 
3.49E-13 
8.41E-09 
2.80E-1 0 
5.62E-17 
9.81E-11 
3.37E-54 
2.0lE-31 
l.66E-04 
7.96E-12 
2.37E-04 
7.17E-05 
6.93E-17 
4.82E-15 
l.75E-03 
5.31E+OI 
4.82 
-0.461 
4.78E-01 
1.13E-06 
7.60E-03 
3.35E-38 
l.94E-04 
4.47E-04 
5.14E-06 
3.60E-15 
l.03E-16 
6.47E-13 
2.66E-17 
5.63E-13 
2.37E-ll 
2.19E-ll 
7.85E-01 
1.60E-04 
6.46E-01 
3.94E-06 
1.39E-07 
8. 18E-04 
3.49E-11 
1.90E-OI 
6.75E-02 
l.59E-07 
1.76E-11 
3.71E-13 
3.70E-02 
1.48E-02 
8.71E-06 
3.16E-06 
1.31E-04 
1.56E-11 
4.19E-02 
2.05E-01 
3.42E-16 
1.26E-ll 
7.06E-09 
9.66E-07 
7.22E-07 
3.80E-17 
7.69E-11 
4.49E-13 
6.64E-09 
2.26E-10 
4.61E-17 
7.63E-11 
1.56E-54 
9.48E-32 
1.59E-04 
1.00E-11 
2.27E-04 
6.91E-05 
5.13E-17 
3.59E-15 
1.06E-03 
5.32E+Ol 
4.929 
-0.473 
2.89E-01 
1.46E-06 
7.63E-03 
3.34E-38 
1.94E-04 
3.53E-04 
5.22E-06 
3.70E-15 
1.06E-16 
5.lOE-13 
3.47E-17 
5.71E-13 
3.08E-ll 
2.23E-11 
7.84E-01 
1.25E-04 
6.45E-01 
5.08E-06 
1.39E-07 
6.37E-04 
4.56E-11 
1.90E-01 
6.74E-02 
2.05E-07 
2.29E-11 
3.77E-13 
3.70E-02 
1.47E-02 
1.12E-05 
3.15E-06 
1.02E-04 
2.03E-11 
4.18E-02 
2.05E-01 
1.47E-16 
6.94E-12 
5.03E-09 
8.88E-07 
8.56E-07 
2.94E-17 
7.68E-l 1 
5.78E-1 3 
5.24E-09 
1.81E-10 
3.76E-17 
5.93E-ll 
7.29E-55 
4.48E-32 
l.53E-04 
l.26E- ll 
2.20E-04 
6.69E-05 
3.83E-17 
2.69E-15 
6.45E-04 
5.32E+OI 
5.038 
-0.485 
Output from HCh Program 
1.75E-OI 
l.87E-06 
7.65E-03 
3.33E-38 
l.94E-04 
2.78E-04 
5.28E-06 
3.79E-15 
l.09E-16 
4.0lE-13 
4.51E-17 
5.79E-13 
4.0lE-11 
2.26E-11 
7.83E-OI 
9.69E-05 
6.44E-01 
6.53E-06 
l.39E-07 
4.96E-04 
5.94E-11 
l.90E-01 
6.73E-02 
2.64E-07 
2.99E-l I 
3.82E-13 
3.71E-02 
1.46E-02 
l.43E-05 
3.14E-06 
7.89E-05 
2.64E-l I 
4.17E-02 
2.04E-01 
6.31E-17 
3.85E-12 
3.59E-09 
8.16E-07 
l.OIE-06 
2.28E-17 
7.68E-11 
7.43E-13 
4.13E-09 
l.45E-10 
3.05E-17 
4.62E-1 I 
3.41E-55 
2.l IE-32 
1.49E-04 
l.60E-l I 
2.14E-04 
6.51E-05 
2.89E-17 
2.03E-15 
3.91E-04 
5.33E+Ol 
5.147 
-0.497 
1.06E-01 
2.41E-06 
7.65E-03 
3.32E-38 
l.94E-04 
2.19E-04 
5.34E-06 
3.88E-15 
1.llE-16 
3.15E-13 
5.86E-17 
5.85E-13 
5.21E-11 
2.28E-11 
7.83E-OI 
7.54E-05 
6.44E-01 
8.41E-06 
1.39E-07 
3.86E-04 
7.73E-11 
1.90E-01 
6.72E-02 
3.39E-07 
3.88E-11 
3.87E-13 
3.71E-02 
1.46E-02 
1.84E-05 
3.14E-06 
6.13E-05 
3.43E-11 
4.1 6E-02 
2.04E-01 
2.72E-17 
2.13E-12 
2.57E-09 
7.51E-07 
l.20E-06 
1.77E-17 
7.67E-11 
9.55E-13 
3.24E-09 
1.15E-IO 
2.45E-17 
3.59E-l I 
l.60E-55 
9.93E-33 
1.45E-04 
2.03E-11 
2.09E-04 
6.37E-05 
2.19E-17 
I.54E-15 
2.37E-04 
5.33E+Ol 
5.256 
-0.509 
6.40E-02 
3.lOE-06 
7.66E-03 
3.32E-38 
l .94E-04 
1.72E-04 
5.39E-06 
3.95E-15 
1.13E-16 
2.47E-13 
7.60E-17 
5.90E-13 
6.76E-11 
2.30E-11 
7.82E-01 
5.86E-05 
6.44E-01 
1.08E-05 
l.39E-07 
3.00E-04 
1.00E-10 
1.90E-01 
6.72E-02 
4.36E-07 
5.04E-11 
3.91E-1 3 
3.71E-02 
1.46E-02 
2.37E-05 
3.14E-06 
4.76E-05 
4.45E-11 
4.16E-02 
2.04E-01 
l.17E-17 
l.18E-12 
1.83E-09 
6.90E-07 
1.42E-06 
l.38E-17 
7.67E-11 
1.23E-12 
2.54E-09 
9.14E-11 
l.96E-17 
2.79E-11 
7.51E-56 
4.67E-33 
1.42E-04 
2.58E-11 
2.05E-04 
6.25E-05 
l.67E-17 
1.18E-15 
1.43E-04 
5.33E+Ol 
5.365 
-0.521 
3.98E-02 
3.92E-06 
7.66E-03 
3.32E-38 
1.94E-04 
l.37E-04 
5.42E-06 
3.99E-15 
1.14E-16 
1.96E-13 
9.65E-17 
5.93E-13 
8.58E-11 
2.31E-11 
7.81E-01 
4.63E-05 
6.44E-01 
l.37E-05 
l.38E-07 
2.36E-04 
1.28E-10 
l.90E-Ol 
6.57E-02 
5.40E-07 
6.27E-ll 
3.85E-13 
3.63E-02 
1.47E-02 
3.0 IE-05 
3.14E-06 
3.77E-05 
5.68E-11 
4.18E-02 
2.05E-Ol 
5.40E-18 
6.89E-13 
l.35E-09 
6.43E-07 
1.67E-06 
l.09E-17 
7.67E-11 
1.55E-12 
2.02E-09 
7.31E-11 
l.58E-17 
2.20E-11 
3.71E-56 
2.31E-33 
l.40E-04 
3.25E-11 
2.02E-04 
6.17E-05 
l.30E-17 
9.18E-16 
8.92E-05 
5.33E+Ol 
5.467 
-0.532 
3.0IE-02 
4.44E-06 
7.67E-03 
3.32E-38 
l.94E-04 
1.20E-04 
5.39E-06 
3.93E-15 
1.13E-16 
1.73E-13 
1.08E- 16 
5.90E-13 
9.62E-11 
2.30E-11 
7.76E-Ol 
4.07E-05 
6.45E-01 
1.55E-05 
l.34E-07 
2.03E-04 
1.44E-10 
1.90E-01 
5.80E-02 
5,40E-07 
6.24E-11 
3.38E-13 
3.19E-02 
1.51E-02 
3.51E-05 
3.13E-06 
3.32E-05 
6.61E-11 
4.29E-02 
2.IOE-01 
3.70E-18 
5.35E-1 3 
1.19E-09 
6.43E-07 
l.89E-06 
9.60E-18 
7.67E-1 I 
1.76E-12 
1.78E-09 
6.39E-1 l 
l.37E-17 
I.92E-l I 
2.53E-56 
1.55E-33 
l.41E-04 
3.69E-11 
2.03E-04 
6.17E-05 
1.15E-17 
8.llE-1 6 
6.74E-05 
5.33E+Ol 
5.521 
-0.538 
Appendix 5.1.2 
Calcite Saturated Boiling to Muscovite-K-feldspar Buffer, T=280'C 
Step 11 12 13 14 15 16 17 18 19 20 21 
Quartz 0.9218537 0.8974477 0.8768770 0.8594173 0.8444937 0.8316495 0.8205210 0.8108174 0.8023047 0.7947941 0.7881318 
Pyrite 0.9996093 0.9996074 0.9996053 0.9996033 0.9996012 0.9995991 0.9995970 0.9995950 0.9995930 0.9995910 0.9995890 
I.Pyrite Dep 0.0001437 0.0001418 0.0001397 0.0001377 0.0001356 0.0001335 0.0001314 0.0001294 0.0001274 0.0001254 0.0001234 
Calcite 0.7384078 0.7343561 0.7309402 0.7280399 0.7255601 0.7234251 0.7215745 0.7199602 0.7185434 0.7172928 0.7161828 
:[Calcite Dep -0.0102794 -0.0143311 -0.0177470 -0.0206473 -0.0231271 -0.0252621 -0.0271127 -0.0287270 -0.0301438 -0.0313944 -0.0325044 
Muscovite 0.9882009 0.9841337 0.9807055 0.9777958 0.9753086 0.9731681 0.9713134 0.9696962 0.9682774 0.9670256 0.9659152 
:[Muse. Dep -0.0117986 -0.0158658 -0.0192940 -0.0222037 -0.0246909 -0.0268314 -0.0286861 -0.0303033 -0.0317221 -0.0329739 -0.0340843 
Microcliae 0.0353946 0.0475961 0.0578804 0.0666093 0.0740704 0.0804919 0.0860556 0.0909070 0.0951630 0.0989180 0.1022489 
:[Mier. Dep 0.0353946 0.0475961 0.0578804 0.0666093 0.0740704 0.0804919 0.0860556 0.0909070 0.0951630 0.0989180 0.1022489 
H20 (*) 9.65E-OI 9.66E-01 9.66E-01 9.66E-OI 9.66E-OI 9.66E-OI 9.66E-01 9.66E-OI 9.66E-OI 9.66E-OI 9.66E-Ol 
H+ 4.66E-06 4. l 7E-06 
OH- 5.33E-06 5.95E-06 
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04(aq) 
02 (aq) 
H2(aq) 
4.3 IE-09 4.2 IE-09 
l.39E-04 1.21 E-04 
2.32E-02 1.82E-02 
4.99E-06 5.57E-06 
7.67E-03 . 7.67E-03 
H2S (aq) 
HS-
S2--
S203--
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCI (aq) 
Na+ 
NaOH (aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCI (aq) 
3.32E-38 
1.94E-04 
l.06E-04 
5.35E-06 
3.88E-15 
l.llE-16 
1.53E-13 
l.21E-16 
5.86E-13 
l.07E-10 
2.29E-ll 
7.72E-OI 
3.60E-05 
6.45E-OI 
l.75E-05 
l.3 IE-07 
l.76E-04 
l.61E-IO 
l.89E-OI 
K+ 5.15E-02 
KOH (aq) 5.40E-07 
KS04- 6.20E-1 I 
KHS04 (aq) 2.99E-13 
KCI (aq) 2.82E-02 
Ca++ l.54E-02 
CaOH+ 4.05E-05 
CaC03 (aq) 3.13E-06 
CaHC03+ 2.95E-05 
CaS04 (aq) 7 .60E-ll 
CaCI+ 4.38E-02 
CaCl2 (aq) 2. I 4E-O I 
Al+++ 2.60E-18 
AIOH++ 4.22E-13 
Al(OH)2+ l.06E-09 
Al(OH)3 (aq) 6.43E-07 
Al(OH)4- 2.12E-06 
Au+ 8.53E-18 
AuOH (aq) 7.67E-1 I 
Au(OH)2- 1.98E-12 
AuHS (aq) l.57E-09 
Au(HS)2- 5.63E-l I 
Au2(HS)2S-- I.I 9E-17 
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4(aq) 
Water (mol) 
pH 
Eh(V) 
l.70E-11 
I.76E-56 
l.07E-33 
l.42E-04 
4.17E-1 I 
2.04E-04 
6.17E-05 
l.02E-17 
7.23E-16 
5.20E-05 
5.33E+OI 
5.572 
-0.544 
3.32E-38 
l.94E-04 
9.48E-05 
5.33E-06 
3.84E-15 
l.IOE-16 
l.36E-13 
I.34E-16 
5.83E-13 
l.19E-IO 
2.28E- 11 
7.68E-01 
3.22E-05 
6.46E-OI 
l.96E-05 
l.28E-07 
l.54E-04 
l.80E-IO 
l.89E-OI 
4.60E-02 
5.40E-07 
6.1 7E-1 I 
2.67E-13 
2.52E-02 
l.57E-02 
4.62E-05 
3.13E-06 
2.64E-05 
8.63E-11 
4.46E-02 
2.17E-OI 
l.86E-18 
3.37E-13 
9.47E-IO 
6.43E-07 
2.37E-06 
7.63E-18 
7.67E-1 I 
2.21E-12 
1.40E-09 
4.99E-11 
l.05E-17 
1.51E-11 
1.26E-56 
7.60E-34 
I.43E-04 
4.68E-11 
2.04E-04 
6.19E-05 
9.17E-18 
6.48E-16 
4.08E-05 
5.33E+OI 
5.62 
-0.549 
3.75E-06 
6.60E-06 
4.12E-09 
l.07E-04 
l.45E-02 
6.18E-06 
7.68E-03 
3.32E-38 
l.94E-04 
8.51E-05 
5.30E-06 
3.79E-15 
l.09E-16 
l.22E-13 
l.48E-16 
5.81E-13 
1.31E-10 
2.26E-1 I 
7.65E-Ol 
2.89E-05 
6.46E-01 
2.18E-05 
l.26E-07 
I.37E-04 
1.99E-10 
l.88E-OI 
4.14E-02 
5.40E-07 
6.14E-ll 
2.39E-13 
2.26E-02 
l.60E-02 
5.22E-05 
3.13E-06 
2.38E-05 
9.71E-ll 
4.52E-02 
2.19E-OI 
l.36E-18 
2.73E-13 
8.53E-IO 
6.43E-07 
2.63E-06 
6.87E-18 
7.67E-1 I 
2.45E-12 
l.26E-09 
4.46E-1 I 
9.34E-18 
l.35E-11 
9.14E-57 
5.49E-34 
l.44E-04 
5.21E-1 I 
2.05E-04 
6.20E-05 
8.28E-18 
5.86E-16 
3.25E-05 
5.33E+OI 
5.665 
-0.554 
3.40E-06 
7.27E-06 
4.05E-09 
9.58E-05 
1.17E-02 
6.82E-06 
7.68E-03 
3.32E-38 
1.94E-04 
7.69E-05 
5.27E-06 
3.75E-15 
1.07E-16 
1.IOE-13 
l.62E-16 
5.78E-13 
l.44E-10 
2.25E-11 
7.62E-OI 
2.61E-05 
6.46E-OI 
2.40E-05 
1.24E-07 
l.22E-04 
2.18E-10 
I.88E-OI 
3.75E-02 
5.40E-07 
6.llE-11 
2.16E-13 
2.05E-02 
1.62E-02 
5.84E-05 
3.13E-06 
2.16E-05 
I.08E-10 
4.58E-02 
2.22E-OI 
l.OIE-18 
2.24E-13 
7.73E-10 
6.43E-07 
2.90E-06 
6.23E-18 
7.67E-1 I 
2.70E-12 
1.14E-09 
4.0IE-11 
8.35E-18 
I.22E-11 
6.78E-57 
4.05E-34 
l.45E-04 
5.77E-11 
2.07E-04 
6.22E-05 
7.54E-18 
5.33E-16 
2.63E-05 
5.33E+OI 
5.707 
-0.559 
3. IOE-06 
7.97E-06 
3.99E-09 
8.62E-05 
9.62E-03 
7.47E-06 
7.68E-03 
3.32E-38 
I.94E-04 
6.98E-05 
5.25E-06 
3.72E-15 
l.06E-16 
I.OOE-13 
I.76E-16 
5.75E-13 
l.57E-IO 
2.24E-ll 
7.60E-Ol 
2.38E-05 
6.47E-Ol 
2.64E-05 
l.22E-07 
l.IOE-04 
2.39E-IO 
l.88E-OI 
3.42E-02 
5.40E-07 
6.09E-ll 
l.96E-13 
I.86E-02 
l.64E-02 
6.49E-05 
3.13E-06 
l.96E-05 
l.20E-10 
4.63E-02 
2.24E-OI 
7.63E-19 
l.86E-13 
7.04E-10 
6.43E-07 
3.18E-06 
5.67E-18 
7.67E-11 
2.96E-12 
l.03E-09 
3.62E-1 I 
7.51E-18 
l.IOE-11 
5.12E-57 
3.04E-34 
l.46E-04 
6.36E-1 I 
2.08E-04 
6.24E-05 
6.89E-18 
4.88E-16 
2.16E-05 
5.33E+OI 
5.748 
-0.563 
2.84E-06 
8.70E-06 
3.94E-09 
7.81E-05 
7.99E-03 
8.15E-06 
7.68E-03 
3.32E-38 
l.94E-04 
6.37E-05 
5.23E-06 
3.69E-15 
l.06E-16 
9.14E-14 
l.92E-16 
5.73E-13 
l.70E-10 
2.24E-11 
7.58E-01 
2.17E-05 
6.47E-OI 
2.88E-05 
l.21E-07 
9.99E-05 
2.60E-10 
l.88E-Ol 
3.13E-02 
5.40E-07 
6.06E-ll 
l.79E-13 
l.70E-02 
l.66E-02 
7.16E-05 
3.13E-06 
l.80E-05 
I.32E-10 
4.67E-02 
2.25E-Ol 
5.86E-19 
l.56E-13 
6.45E-IO 
6.43E-07 
3.47E-06 
5.20E-18 
7.67E-1 I 
3.23E-12 
9.43E-10 
3.29E-1 I 
6.80E-18 
l.OIE-11 
3.92E-57 
2.32E-34 
1.47E-04 
6.96E-1 I 
2.09E-04 
6.26E-05 
6.34E-18 
4.49E-16 
I.80E-05 
5.33E+OI 
5.785 
-0.567 
Output from HCh Program 
2.62E-06 
9.44E-06 
3.90E-09 
7.12E-05 
6.71E-03 
8.85E-06 
7.68E-03 
3.32E-38 
l.94E-04 
5.85E-05 
5.21E-06 
3.66E-15 
l.05E-16 
8.39E-14 
2.07E-16 
5.71E-13 
l.84E-10 
2.23E-11 
7.57E-01 
2.00E-05 
6.47E-OI 
3.13E-05 
l.20E-07 
9.12E-05 
2.81E-10 
l.88E-Ol 
2.88E-02 
5.40E-07 
6.04E-11 
l.65E-13 
I.57E-02 
l.67E-02 
7.84E-05 
3.13E-06 
l.66E-05 
1.44E-IO 
4.70E-02 
2.27E-Ol 
4.57E-19 
I.32E-13 
5.94E-10 
6.43E-07 
3.77E-06 
4.78E-18 
7.67E-1 l 
3.50E-12 
8.65E-10 
3.0IE-11 
6.18E-18 
9.24E-12 
3.05E-57 
I.80E-34 
l.48E-04 
7.59E-1 I 
2.IOE-04 
6.29E-05 
5.86E-18 
4.15E-16 
l.51E-05 
5.33E+OI 
5.821 
-0.571 
2.42E-06 
l.02E-05 
3.86E-09 
6.53E-05 
5.70E-03 
9.57E-06 
7.68E-03 
3.32E-38 
l.94E-04 
5.39E-05 
5.19E-06 
3.63E-15 
l.04E-16 
7.73E-14 
2.23E-16 
5.69E-13 
l.98E-10 
2.22E-11 
7.55E-Ol 
l.85E-05 
6.47E-Ol 
3.39E-05 
l.19E-07 
8.37E-05 
3.03E-10 
l.87E-Ol 
2.66E-02 
5.40E-07 
6.02E-ll 
l.52E-13 
l.45E-02 
l.69E-02 
8.55E-05 
3.13E-06 
l.53E-05 
l.57E-10 
4.73E-02 
2.28E-OI 
3.61E-19 
1.13E-13 
5.49E-10 
6.43E-07 
4.07E-06 
4.42E-18 
7.67E-1 I 
3.79E-12 
7.97E-10 
2.77E-ll 
5.66E-18 
8.52E-12 
2.41E-57 
l.42E-34 
l.49E-04 
8.23E-1 I 
2.ll E-04 
6.31E-05 
5.45E-18 
3.85E-16 
l.28E-05 
5.33E+OI 
5.855 
-0.575 
2.25E-06 
l.IOE-05 
3.83E-09 
6.02E-05 
4.88E-03 
l.03E-05 
7.68E-03 
3.32E-38 
l.94E-04 
4.99E-05 
5.17E-06 
3.60E-15 
l.03E-16 
7.16E-14 
2.39E-16 
5.67E-13 
2.12E-10 
2.21E-ll 
7.54E-Ol 
l.71E-05 
6.47E-01 
3.65E-05 
1.18E-07 
7.72E-05 
3.25E-10 
l.87E-Ol 
2.09E-06 
l.18E-05 
3.80E-09 
5.57E-05 
4.21E-03 
l.l IE-05 
7.69E-03 
3.32E-38 
l.94E-04 
4.64E-05 
5.15E-06 
3.58E-15 
1.02E-16 
6.65E-14 
2.55E-16 
5.65E-13 
2.26E-IO 
2.20E-11 
7.53E-01 
l.59E-05 
6.48E-Ol 
3.92E-05 
1.17E-07 
7.16E-05 
3.48E-IO 
l.87E-01 
2.47E-02 . 2.31E-02 
5.40E-07 
6.00E-11 
1.40E-13 
l.34E-02 
l.70E-02 
9.27E-05 
3.13E-06 
1.42E-05 
l.69E-10 
4.76E-02 
2.29E-Ol 
2.89E-19 
9.71E-14 
5.lOE-10 
6.44E-07 
4.39E-06 
4.ll E-18 
7.67E-11 
4.08E-12 
7.38E-10 
2.55E-1 I 
5.20E-18 
7.89E-12 
1.93E-57 
1.13E-34 
l.50E-04 
8.89E-ll 
2.12E-04 
6.34E-05 
5.08E-18 
3.59E-16 
l.IOE-05 
5.33E+OI 
5.887 
-0.579 
5.40E-07 
5.98E-11 
I.30E-13 
l.25E-02 
l.71E-02 
l.OOE-04 
3.13E-06 
I.33E-05 
l.82E-10 
4.79E-02 
2.30E-01 
2.34E-19 
8.43E-14 
4.75E-10 
6.44E-07 
4.70E-06 
3.83E-18 
7.67E-11 
4.37E-12 
6.86E-IO 
2.36E-11 
4.80E-18 
7.34E-12 
l.56E-57 
9.IOE-35 
l.50E-04 
9.57E-11 
2.13E-04 
6.36E-05 
4.75E-18 
3.36E-16 
9.46E-06 
5.33E+OI 
5.918 
-0.582 
I.96E-06 
l.26E-05 
3.78E-09 
5.18E-05 
3.66E-03 
1.18E-05 
7.69E-03 
3.32E-38 
l.94E-04 
4.33E-05 
5.14E-06 
3.55E-15 
l.02E-16 
6.20E-14 
2.72E-16 
5.63E-13 
2.41E-10 
2.20E-11 
7.52E-01 
l.49E-05 
6.48E-Ol 
4.19E-05 
1.l 7E-07 
6.66E-05 
3.71E-10 
l.87E-01 
2.16E-02 
5.40E-07 
5.96E-1 I 
l.22E-13 
1.17E-02 
l.71E-02 
I.08E-04 
3.13E-06 
l.24E-05 
l.95E-10 
4.81E-02 
2.31E-OI 
l.91E-19 
7.37E-14 
4.44E-IO 
6.44E-07 
5.03E-06 
3.58E-18 
7.67E-1 I 
4.67E-12 
6.40E-10 
2.20E-11 
4.44E-18 
6.85E-12 
l.27E-57 
7.41E-35 
l.51E-04 
1.03E-10 
2.14E-04 
6.39E-05 
4.46E-18 
3.16E-16 
8.23E-06 
5.33E+OI 
5.947 
-0.585 
Appendix 5.1.2 
Calcite Saturated Boiling to Muscovite-K-feldspar Buffer, T=280'C 
Step 22 23 24 25 26 27 28 29 30 31 32 
Quartz 0.7821922 0.7768718 0.7720849 0.7677601 0.7638375 0.7602669 0.7570055 0.7540169 0.7512701 0.7487384 0.7463988 
Pyrite 0.9995872 0.9995853 0.9995835 0.9995818 0.9995801 0.9995784 0.9995768 0.9995752 0.9995736 0.9995721 0.9995706 
I.Pyrite Dep 0.0001216 0.0001197 0.0001179 0.0001162 0.0001145 0.0001128 0.0001112 0.0001096 0.0001080 0.0001065 0.0001050 
Calcite 0.7151926 0.7143050 0.7135059 0.7127834 0.7121275 0.7115300 0.7109837 0.7104826 0.7100216 0.7095961 0.7092025 
ICa!cite Dep -0.0334946 -0.0343822 -0.0351813 -0.0359038 -0.0365597 -0.0371572 -0.0377035 -0.0382046 -0.0386656 -0.0390911 -0.0394847 
Muscovite 0.9649253 0.9640385 0.9632406 0.9625197 0.9618659 0.9612707 0.9607271 0.9602289 0.9597710 0.9593489 0.9589589 
IMusc. Dep -0.0350742 -0.0359610 -0.0367589 -0.0374798 -0.0381336 -0.0387288 -0.0392724 -0.0397706 -0.0402285 -0.0406506 -0.0410406 
Microcline 
IMicr. Dep 
H20 (*) 
H+ 
OH-
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04 (aq) 
02(aq) 
H2(aq) 
H2S (aq) 
HS-
S2--
S203--
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH (aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCI (aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04 (aq) 
Ca CI+ 
CaCl2 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOH (aq) 
Au(OH)2-
AuHS (aq) 
Au(HS)2-
Au2(HS)2S--
AuC12-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4(aq) 
Water(mol) 
pH 
Eh(V) 
0.1052185 0.1078785 0.1102718 0.1124341 0.1143952 0.1161805 0.1178111 0.1193053 0.1206786 0.1219444 0.1231142 
0.1052185 0.1078785 0.1102718 0.1124341 0.1143952 0.1161805 0.1178111 0.1193053 0.1206786 0.1219444 0.1231142 
9.67E-01 9.67E-01 9.67E-01 9.67E-OI 9.67E-01 9.67E-01 9.67E-01 9.67E-01 9.67E-01 9.67E-01 9.67E-01 
l.84E-06 
1.34E-05 
3.76E-09 
4.84E-05 
3.21E-03 
l.26E-05 
7.69E-03 
3.32E-38 
1.94E-04 
4.05E-05 
5.12E-06 
3.53E-15 
1.0IE-16 
5.81E-14 
2.89E-16 
5.61E-13 
2.56E-10 
2.19E-11 
7.51E-01 
1.40E-05 
6.48E-01 
4.47E-05 
1.16E-07 
6.22E-05 
3.95E-10 
l.87E-01 
2.02E-02 
5.40E-07 
5.94E-11 
1.14E-13 
l.09E-02 
1.72E-02 
1.15E-04 
3.13E-06 
1.16E-05 
2.09E-10 
4.83E-02 
2.32E-01 
1.58E-19 
6.48E-14 
4.17E-10 
6.44E-07 
5.36E-06 
3.36E-18 
7.67E-11 
4.98E-12 
5.99E-10 
2.05E-11 
4.13E-18 
6.41E-12 
l.05E-57 
6.lOE-35 
l.52E-04 
1.IOE-10 
2.15E-04 
6.41E-05 
4.21E-18 
2.98E-16 
7.21E-06 
5.33E+OI 
5.974 
-0.588 
l.73E-06 
l.43E-05 
3.74E-09 
4.53E-05 
2.83E-03 
1.34E-05 
7.69E-03 
3.32E-38 
l.94E-04 
3.80E-05 
5.l IE-06 
3.51E-15 
1.00E-1 6 
5.45E-14 
3.06E-16 
5.60E-13 
2.71E-10 
2.18E-11 
7.51E-01 
1.31E-05 
6.48E-01 
4.75E-05 
1.16E-07 
5.83E-05 
4.18E-10 
l.87E-01 
1.90E-02 
5.40E-07 
5.93E-11 
1.07E-13 
1.03E-02 
1.73E-02 
1.23E-04 
3.13E-06 
1.09E-05 
2.22E-10 
4.84E-02 
2.32E-01 
1.32E-19 
5.74E-14 
3.92E-10 
6.44E-07 
5.69E-06 
3.16E-18 
7.67E-11 
5.29E-12 
5.62E-10 
1.92E-11 
3.86E-18 
6.03E-12 
8.73E-58 
5.07E-35 
1.53E-04 
1.17E-10 
2.16E-04 
6.44E-05 
3.97E-18 
2.81E-16 
6.36E-06 
5.32E+Ol 
6.001 
-0.591 
1.63E-06 
1.51E-05 
3.72E-09 
4.26E-05 
2.51E-03 
1.42E-05 
7.69E-03 
3.32E-38 
1.94E-04 
3.58E-05 
5.09E-06 
3.49E-15 
9.99E-17 
5.13E-14 
3.23E-16 
5.58E-13 
2.86E-10 
2.18E-11 
7.50E-OI 
1.24E-05 
6.48E-OI 
5.04E-05 
1.15E-07 
5.48E-05 
4.42E-10 
1.87E-OI 
l.79E-02 
5.40E-07 
5.91E-11 
1.01E-13 
9.70E-03 
l.74E-02 
1.31E-04 
3.13E-06 
1.03E-05 
2.36E-10 
4.86E-02 
2.33E-OI 
1.llE-19 
5.IOE-14 
3.70E-IO 
6.44E-07 
6.03E-06 
2.98E-18 
7.67E-11 
5.61E-12 
5.29E-10 
l.80E-11 
3.61E-18 
5.68E-12 
7.33E-58 
4.25E-35 
1.54E-04 
1.24E-10 
2.l?E-04 
6.46E-05 
3.76E-18 
2.66E-16 
5.64E-06 
5.32E+Ol 
6.026 
-0.594 
1.54E-06 
1.60E-05 
3.70E-09 
4.0IE-05 
2.24E-03 
1.50E-05 
7.69E-03 
3.32E-38 
1.94E-04 
3.37E-05 
5.08E-06 
3.47E-15 
9.93E-17 
4.84E-14 
3.41E-16 
5.57E-13 
3.02E-10 
2.17E-1 1 
7.49E-OI 
1.l?E-05 
6.48E-01 
5.33E-05 
l.15E-07 
5.17E-05 
4.66E-10 
1.87E-01 
1.70E-02 
5.41E-07 
5.89E-1 I 
9.49E-14 
9.17E-03 
1.74E-02 
1.39E-04 
3.13E-06 
9.76E-06 
2.49E-10 
4.87E-02 
2.34E-01 
9.35E-20 
4.57E-14 
3.50E-10 
6.44E-07 
6.38E-06 
2.82E-1 8 
7.67E-1 I 
5.93E-12 
4.99E-10 
l.?OE-11 
3.39E-18 
5.36E-12 
6.19E-58 
3.59E-35 
l.54E-04 
1.32E-10 
2.18E-04 
6.49E-05 
3.57E-18 
2.53E-16 
5.03E-06 
5.32E+Ol 
6.05 
-0.596 
1.46E-06 
1.68E-05 
3.69E-09 
3.79E-05 
2.00E-03 
1.58E-05 
7.69E-03 
3.32E-38 
1.94E-04 
3.19E-05 
5.07E-06 
3.45E-15 
9.88E-17 
4.58E-14 
3.58E-16 
5.56E-13 
3.17E-10 
2.17E-11 
7.49E-01 
1.11E-05 
6.48E-01 
5.62E-05 
1.14E-07 
4.88E-05 
4.91E-10 
1.87E-OI 
1.61E-02 
5.41E-07 
5.88E-1 I 
8.98E-14 
8.69E-03 
1.75E-02 
1.47E-04 
3.13E-06 
9.26E-06 
2.63E-10 
4.89E-02 
2.34E-OI 
7.97E-20 
4.lOE-14 
3.32E-10 
6.44E-07 
6.73E-06 
2.67E-18 
7.67E-11 
6.25E-12 
4.72E-10 
1.60E-11 
3.19E-18 
5.08E-12 
5.27E-58 
3.05E-35 
1.55E-04 
1.39E-10 
2.18E-04 
6.51E-05 
3.40E-18 
2.41E-16 
4.50E-06 
5.32E+01 
6.073 
-0.599 
1.39E-06 
1.77E-05 
3.68E-09 
3.59E-05 
1.80E-03 
1.66E-05 
7.69E-03 
3.32E-38 
1.94E-04 
3.03E-05 
5.06E-06 
3.43E-15 
9.83E-17 
4.34E-14 
3.76E-16 
5.54E-13 
3.33E-IO 
2.1 6E-1 I 
7.48E-01 
1.05E-05 
6.48E-OI 
5.91E-05 
1.14E-07 
4.63E-05 
5.15E-10 
1.87E-01 
1.53E-02 
5.41E-07 
5.87E-11 
8.51E-14 
8.26E-03 
1.75E-02 
1.55E-04 
3.13E-06 
8.79E-06 
2.77E-10 
4.90E-02 
2.35E-01 
6.83E-20 
3.70E-14 
3.15E-10 
6.44E-07 
7.08E-06 
2.54E-18 
7.67E-1 1 
6.58E-12 
4.47E-10 
1.51E-11 
3.0IE-18 
4.82E-12 
4.52E-58 
2.61E-35 
l.56E-04 
1.47E-10 
2.19E-04 
6.53E-05 
3.24E-18 
2.30E-16 
4.05E-06 
5.32E+01 
6.095 
-0.601 
Output from HCh Program 
1.32E-06 
1.86E-05 
3.67E-09 
3.41E-05 
1.63E-03 
1.75E-05 
7.69E-03 
3.32E-38 
l.94E-04 
2.87E-05 
5.04E-06 
3.42E-15 
9.78E-17 
4.12E-14 
3.94E-16 
5.53E-13 
3.49E-10 
2.16E-11 
7.48E-OI 
1.00E-05 
6.48E-OI 
6.21E-05 
l.14E-07 
4.40E-05 
5.40E-10 
1.87E-01 
1.46E-02 
5.41E-07 
5.85E-11 
8.09E-14 
7.86E-03 
1.76E-02 
l.63E-04 
3.1 3E-06 
8.37E-06 
2.91E-10 
4.91E-02 
2.35E-01 
5.89E-20 
3.35E-14 
3.00E-10 
6.44E-07 
7.43E-06 
2.42E-18 
7.67E-11 
6.91E-12 
4.25E-10 
1.43E-l 1 
2.84E-18 
4.59E-12 
3.90E-58 
2.25E-35 
1.56E-04 
1.54E-10 
2.20E-04 
6.56E-05 
3.lOE-18 
2.19E-16 
3.67E-06 
5.32E+Ol 
6.117 
-0.604 
l.26E-06 
l.95E-05 
3.66E-09 
3.24E-05 
l.48E-03 
1.83E-05 
7.69E-03 
3.32E-38 
1.94E-04 
2.74E-05 
5.03E-06 
3.40E-1 5 
9.74E-17 
3.92E-14 
4.12E-16 
5.52E-13 
3.65E-10 
2.15E-11 
7.48E-01 
9.57E-06 
6.49E-01 
6.52E-05 
1.14E-07 
4.18E-05 
5.65E-10 
1.87E-01 
1.39E-02 
5.41E-07 
5.84E-11 
7.70E-14 
7.49E-03 
1.76E-02 
1.72E-04 
3.13E-06 
7.99E-06 
3.06E-10 
4.92E-02 
2.35E-01 
5.11E-20 
3.05E-14 
2.86E-10 
6.44E-07 
7.79E-06 
2.31E-18 
7.67E-11 
7.24E-12 
4.05E-10 
l.36E-11 
2.69E-18 
4.37E-12 
3.38E-58 
1.95E-35 
1.57E-04 
1.62E-10 
2.21E-04 
6.58E-05 
2.97E-18 
2.10E-16 
3.33E-06 
5.32E+01 
6.1 37 
-0.606 
1.21E-06 
2.04E-05 
3.65E-09 
3.09E-05 
1.35E-03 
1.92E-05 
7.69E-03 
3.32E-38 
1.94E-04 
2.61E-05 
5.02E-06 
3.39E-15 
9.70E-17 
3.74E-14 
4.30E-16 
5.51E-13 
3.81E-10 
2.15E-11 
7.47E-01 
9.14E-06 
6.49E-01 
6.82E-05 
1.13E-07 
3.99E-05 
5.90E-10 
1.87E-01 
l.33E-02 
5.41E-07 
5.83E-11 
7.34E-14 
7.16E-03 
1.76E-02 
1.80E-04 
3.13E-06 
7.63E-06 
3.20E-IO 
4.93E-02 
2.36E-01 
4.46E-20 
2.79E-14 
2.73E-10 
6.44E-07 
8.16E-06 
2.20E-18 
7.67E-11 
7.58E-12 
3.86E-10 
1.30E-11 
2.56E-1 8 
4.17E-12 
2.95E-58 
1.70E-35 
l.57E-04 
1.70E-10 
2.22E-04 
6.60E-05 
2.85E-18 
2.0IE-16 
3.03E-06 
5.32E+01 
6.157 
-0.608 
l.15E-06 
2.13E-05 
3.64E-09 
2.95E-05 
1.23E-03 
2.00E-05 
7.69E-03 
3.32E-38 
1.94E-04 
2.49E-05 
5.01E-06 
3.37E-15 
9.66E-17 
3.57E-14 
4.48E-16 
5.49E-13 
3.97E-10 
2.14E-11 
7.47E-01 
8.74E-06 
6.49E-01 
7.13E-05 
1.13E-07 
3.81E-05 
6.16E-10 
1.87E-01 
l.27E-02 
5.41E-07 
5.82E-11 
7.01E-14 
6.85E-03 
l.77E-02 
1.88E-04 
3.13E-06 
7.30E-06 
3.34E-10 
4.94E-02 
2.36E-OI 
3.91E-20 
2.55E-14 
2.62E-10 
6.44E-07 
8.52E-06 
2.11E-18 
7.67E-11 
7.92E-12 
3.69E-10 
1.24E-11 
2.43E-18 
3.99E-12 
2.58E-58 
1.49E-35 
1.58E-04 
1.78E-10 
2.23E-04 
6.62E-05 
2.73E-18 
1.93E-16 
2.77E-06 
5.32E+01 
6.176 
-0.61 
l.11E-06 
2.22E-05 
3.63E-09 
2.82E-05 
1.13E-03 
2.09E-05 
7.69E-03 
3.32E-38 
1.94E-04 
2.38E-05 
5.00E-06 
3.36E-15 
9.62E-17 
3.42E-14 
4.67E-16 
5.48E-13 
4.13E-10 
2.14E-11 
7.47E-01 
8.38E-06 
6.49E-01 
7.44E-05 
l.13E-07 
3.65E-05 
6.41E-10 
1.87E-01 
1.22E-02 
5.41E-07 
5.80E-11 
6.71E-14 
6.56E-03 
1.77E-02 
1.97E-04 
3.13E-06 
7.00E-06 
3.49E-10 
4.94E-02 
2.36E-01 
3.44E-20 
2.34E-14 
2.51E-10 
6.44E-07 
8.89E-06 
2.02E-18 
7.67E-11 
8.26E-12 
3.53E-10 
1.18E-11 
2.32E-18 
3.82E-12 
2.27E-58 
l.3 lE-35 
1.59E-04 
1.86E-10 
2.23E-04 
6.64E-05 
2.63E-18 
1.86E-16 
2.54E-06 
5.32E+01 
6.194 
-0.612 
Appendix 5 .1 .2 
Calcite Saturated Boiling to Muscovite-K-feldspar Buffer, T=280' C 
Step 33 34 35 36 37 38 39 40 
Quartz 0.7442311 0.7422181 0.7403445 0.7385969 0.7369637 0.7354344 0.7339998 0.7326519 
Pyrite 0.9995692 0.9995678 0.9995664 0.9995651 0.9995638 0.9995625 0.9995612 0.9995600 
D'yrite Dep 0.0001036 0.0001022 0.0001008 0.0000995 0.0000982 0.0000969 0.0000956 0.0000944 
Calcite 0.7088374 0.7084978 0.7081814 0.7078858 0.7076091 0.7073496 0.7071058 0.7068763 
ICaicite Dep -0.0398498 -0.0401894 -0.0405058 -0.0408014 -0.0410781 -0.0413376 -0.0415814 -0.0418109 
Muscovite 0.9585975 0.9582619 0.9579495 0.9576581 0.9573858 0.9571308 0.9568916 0.9566668 
IMusc. Dep -0.0414020 -0.0417376 -0.0420500 -0.0423414 -0.0426137 -0.0428687 -0.0431079 -0.0433327 
Microcline 0.1241980 0.1252045 0.1261413 0.1270150 0.1278317 0.1285963 0.1293136 0.1299875 
IMicr. Dep 0.1241980 0.1252045 0.1261413 0.1270150 0.1278317 0.1285963 0.1293136 0.1299875 
H20 (*) 9.67E-OI 9.67E-01 . 9.67E-OI 9.67E-01 9.67E-OI 9.67E-01 9.67E-01 9.67E-OI 
H+ 1.06E-06 I.02E-06 9.83E-07 9.47E-07 9.14E-07 8.82E-07 8.53E-07 8.25E-07 
OH- 2.32E-05 2.41E-05 2.50E-05 2.60E-05 2.69E-05 2.79E-05 2.89E-05 2.98E-05 
C03-- 3.62E-09 3.62E-09 3.61E-09 3.60E-09 3.60E-09 3.59E-09 3.59E-09 3.59E-09 
HC03- 2.71E-05 2.60E-05 2.49E-05 2.40E-05 2.31E-05 2.23E-05 2.15E-05 2.08E-05 
H2C03 (aq) I.04E-03 9.59E-04 8.87E-04 8.22E-04 7.64E-04 7.12E-04 6.64E-04 6.21E-04 
H3Si04- 2.18E-05 2.26E-05 2.35E-05 2.44E-05 2.53E-05 2.62E-05 2.7IE-05 2.80E-05 
H4Si04 (aq) 7.69E-03 7.69E-03 7.69E-03 7.69E-03 7.69E-03 7.69E-03 7.69E-03 7.69E-03 
02 (aq) 3.32E-38 3.32E-38 3.32E-38 3.32E-38 3.32E-38 3.32E-38 3.32E-38 3.32E-38 
H2 (aq) . l.94E-04 I.94E-04 l.94E-04 l.94E-04 I.94E-04 l.94E-04 l.94E-04 I.94E-04 
H2S (aq) 2.28E-05 2.19E-05 2.1 IE-05 2.03E-05 I.95E-05 I.88E-05 I.82E-05 l.75E-05 
HS- 4.99E-06 4.98E-06 4.97E-06 4.96E-06 4.96E-06 4.95E-06 4.94E-06 4.93E-06 
S2--
S203--
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04(aq) 
Ca Cl+ 
CaCl2 (aq) 
Al+++ 
AJOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOH(aq) 
Au(OH)2-
AuHS (aq) 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4 (aq) 
Water (mol) 
pH 
Eh(V) 
3.35E-15 3.33E-15 3.32E-15 3.31E-15 3.30E-15 3.29E-15 3.28E-15 3.27E-15 
9.58E-17 9.54E-17 9.51E-17 9.47E-17 9.44E-17 9.41E-17 9.38E-17 9.35E-17 
3.28E-14 3.14E-14 
4.85E-16 5.04E-16 
5.47E-13 5.46E-13 
4.30E-10 4.46E-10 
2.14E-11 
7.46E-01 
8.04E-06 
6.49E-OI 
7.75E-05 
1.13E-07 
3.49E-05 
6.67E-10 
I.87E-01 
1.17E-02 
5.4IE-07 
5.79E-11 
6.43E-14 
6.30E-03 
l.77E-02 
2.05E-04 
3.13E-06 
6.72E-06 
3.63E-10 
4.95E-02 
2.37E-OI 
3.04E-20 
2.16E-14 
2.41E-IO 
6.44E-07 
9.26E-06 
I.94E-18 
7.67E-1 I 
8.60E-12 
3.38E-10 
1.13E-l 1 
2.21E-18 
3.67E-12 
2.0IE-58 
1.16E-35 
l.59E-04 
I.94E-10 
2.24E-04 
6.67E-05 
2.53E-18 
l.79E-16 
2.34E-06 
5.32E+OI 
6.212 
-0.614 
2.13E-ll 
7.46E-OI 
7.73E-06 
6.49E-OI 
8.06E-05 
1.13E-07 
3.35E-05 
6.93E-10 
l.87E-01 
1.12E-02 
5.41E-07 
5.78E-11 
6.17E-14 
6.05E-03 
1.78E-02 
2.14E-04 
3.13E-06 
6.46E-06 
3.78E-10 
4.96E-02 
2.37E-OI 
2.70E-20 
l.99E-14 
2.31E-10 
6.44E-07 
9.63E-06 
I.86E-18 
7.67E-11 
8.95E-12 
3.24E-IO 
l.08E-11 
2.llE-18 
3.52E-12 
1.78E-58 
l.02E-35 
I.60E-04 
2.03E-IO 
2.25E-04 
6.69E-05 
2.44E-18 
1.73E-16 
2.16E-06 
5.32E+Ol 
6.229 
-0.616 
3.02E-14 2.90E-14 2.80E-14 2.70E-14 
5.23E-16 5.41E-16 5.60E-16 . 5.79E-16 
5.45E-13 5.44E-13 5.43E-13 5.42E-13 
4.63E-10 4.79E-IO 4.96E-IO 5.13E-10 
2.13E-ll 
7.46E-OI 
7.43E-06 
6.49E-01 
8.38E-05 
1.12E-07 
3.22E-05 
7.19E-10 
l.87E-OI 
l.08E-02 
5.41E-07 
5.77E-ll 
5.92E-14 
5.82E-03 
I.78E-02 
2.23E-04 
3.13E-06 
6.21E-06 
3.93E-10 
4.97E-02 
2.37E-OI 
2.41E-20 
1.85E-14 
2.23E-10 
6.44E-07 
l.OOE-05 
I.79E-18 
7.67E-11 
9.30E-12 
3.llE-10 
1.04E-ll 
2.02E-18 
3.39E-12 
I.59E-58 
9.13E-36 
l .60E-04 
2.llE-10 
2.26E-04 
6.71E-05 
2.36E-18 
I.67E-16 
l.99E-06 
5.32E+OI 
6.246 
-0.618 
2.12E-11 
7.46E-OI 
7.16E-06 
6.49E-01 
8.70E-05 
1.12E-07 
3.IOE-05 
7.44E-10 
l.87E-01 
l.04E-02 
5.41E-07 
5.76E-11 
5.70E-14 
5.61E-03 
I.78E-02 
2.32E-04 
3.13E-06 
5.99E-06 
4.07E-IO 
4.97E-02 
2.37E-OI 
2.16E-20 
I.71E-14 
2.15E-10 
6.44E-07 
I.04E-05 
l.73E-18 
7.67E-11 
9.65E-12 
3.00E-10 
9.95E-12 
l.94E-18 
3.26E-12 
1.42E-58 
8.16E-36 
l.61E-04 
2.19E-10 
2.26E-04 
6.73E-05 
2.28E-18 
l.61E-16 
l.85E-06 
5.32E+OI 
6.262 
-0.62 
2.12E-11 
7.45E-01 
6.9IE-06 
6.49E-OI 
9.02E-05 
1.12E-07 
2.99E-05 
7.71E-10 
l.87E-OI 
I.OOE-02 
5.41E-07 
5.75E-11 
5.49E-14 
5.41E-03 
l.78E-02 
2.40E-04 
3.13E-06 
5.78E-06 
4.22E-10 
4.98E-02 
2.38E-01 
l.93E-20 
l.59E-14 
2.07E-10 
6.44E-07 
I.08E-05 
l.67E-18 
7.67E-11 
l.OOE-11 
2.88E-10 
9.57E-12 
l.86E-18 
3.15E-12 
I.28E-58 
7.32E-36 
I.61E-04 
2.28E-10 
2.27E-04 
6.75E-05 
2.20E-18 
l.56E-16 
l.72E-06 
5.32E+OI 
6.278 
-0.621 
2.12E-11 
7.45E-01 
6.67E-06 
6.49E-01 
9.34E-05 
1.12E-07 
2.88E-05 
7.97E-10 
l.87E-OI 
9.69E-03 
5.41E-07 
5.74E-1 I 
5.29E-14 
5.22E-03 
l.79E-02 
2.49E-04 
3.13E-06 
5.58E-06 
4.37E-10 
4.98E-02 
2.38E-OI 
I.74E-20 
1.49E-14 
2.00E-10 
6.44E-07 
1.l IE-05 
I.61E-18 
7.67E-11 
l.04E-11 
2.78E-10 
9.21E-12 
I.79E-18 
3.04E-12 
I.15E-58 
6.58E-36 
l.62E-04 
2.36E-10 
2.28E-04 
6.77E-05 
2.13E-18 
I.51E-16 
I.60E-06 
5.32E+Ol 
6.293 
-0.623 
Output from HCh Program 
2.60E-14 
5.98E-16 
5.42E-13 
5.29E-10 
2.llE-11 
7.45E-01 
6.45E-06 
6.49E-OI 
9.66E-05 
I.12E-07 
2.78E-05 
8.23E-10 
l.87E-01 
9.37E-03 
5.41E-07 
5.73E-11 
5.llE-14 
5.05E-03 
I.79E-02 
2.58E-04 
3.13E-06 
5.39E-06 
4.52E-10 
4.99E-02 
2.38E-01 
I.57E-20 
l.39E-14 
l.93E-IO 
6.44E-07 
1.15E-05 
l.56E-18 
7.67E-11 
I.07E-11 
2.68E-10 
8.87E-12 
I.72E-18 
2.94E-12 
I.04E-58 
5.94E-36 
l.62E-04 
2.45E-IO 
2.28E-04 
6.79E-05 
2.07E-18 
1.46E-16 
I.49E-06 
5.32E+OI 
6.308 
-0.625 
2.51E-14 
6.17E-16 
5.41E-13 
5.46E-10 
2.llE-11 
7.45E-01 
6.24E-06 
6.49E-01 
9.99E-05 
I.12E-07 
2.69E-05 
8.49E-10 
I.87E-01 
9.06E-03 
5.41E-07 
5.72E-ll 
4.93E-14 
4.88E-03 
I.79E-02 
2.67E-04 
3.13E-06 
5.22E-06 
4.67E-10 
4.99E-02 
2.38E-01 
I.42E-20 
l.30E-14 
l.87E-10 
6.44E-07 
1.19E-05 
l.51E-18 
7.67E-11 
1.llE-11 
2.59E-IO 
8.56E-12 
I.66E-18 
2.84E-12 
9.39E-59 
5.38E-36 
l.63E-04 
2.53E-IO 
2.29E-04 
6.80E-05 
2.0IE-18 
l.42E-16 
l.40E-06 
5.32E+OI 
6.322 
-0.626 
Step 
Gold 
:EGold Dep 
Quartz 
Pyrite 
LPyrite Dep 
Muscovite 
H20(*) 
H+ 
OH-
C03--
HC03-
H2C03.(aq) 
H3Si04-
H4Si04(aq) 
02(aq) 
H2(aq) 
H2S (aq) 
HS-
S2--
S203-- · 
S02 (aq) 
S03-- . 
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCI (aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04 (aq) 
Ca Cl+ 
CaCl2 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOH aq 
Au(OH)2-
AuHS aq 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4 (aq) 
Water (mol) 
pH 
Eh(V) 
0 
l.OOE-05 
O.OOE+OO 
9.93E-Ol 
9.99E-Ol 
O.OOE+OO 
l.OOE+OO 
9.46E-Ol 
5.54E-05 
4.47E-07 
l.95E-09 
7.72E-04 
I.54E+OO 
4.12E-07 
7.54E-03 
3.40E-38 
I.94E-04 
l.07E-03 
4.48E-06 
2.65E-15 
7.58E-17 
l.56E-12 
8.25E-18 
4.93E-13 
7.25E-12 
l.93E-l l 
7.12E-Ol 
4.00E-04 
6.44E-Ol 
l.49E-06 
6.19E-08 
9.94E-04 
l.16E-ll 
l.78E-01 
6.77E-02 
6.l IE-08 
5.89E-12 
3.38E-13 
3.53E-02 
7.65E-06 
l.73E-09 
7.72E-10 
8.36E-08 
2.82E-15 
2.07E-05 
9.51E-05 
8.64E-15 
l.17E-10 
2.58E-08 
l.34E-06 
3.63E-07 
l.OlE-16 
8.60E-10 
l.65E-13 
2.61E-10 
9.25E-10 
7.98E-17 
5.04E-ll 
2.55E-53 
l.3 IE-30 
I.94E-04 
4.27E-12 
2.65E-04 
7.58E-05 
l.48E-16 
l.06E-14 
3.38E-03 
5.40E+Ol 
4.503 
-0.426 
Appendix 5.2.1 
Boiling with Kaolinite Equilibration (5e5), T=280°C 
l.OOE-05 
2.60E-10 
9.93E-Ol 
l.OOE+OO 
5.34E-05 
I.OOE+OO 
9.56E-Ol 
3.94E-05 
6.20E-07 
2.27E-09 
6.48E-04 
9.30E-Ol 
5.78E-07 
7.62E-03 
3.36E-38 
l.94E-04 
8.05E-04 
4.69E-06 
2.90E-15 
8.31E-17 
l.17E-12 
l.20E-1 7 
5.16E-13 
l.05E-ll 
2.02E-ll 
7.08E-Ol 
2.87E-04 
6.41E-Ol 
2.09E-06 
7.27E-08 
8.40E-04 
l.69E-ll 
l.79E-Ol 
6.72E-02 
8.53E-08 
8.62E-12 
3.56E-13 
3.54E-02 
7.52E-06 
2.40E-09 
8.97E-10 
6.99E-08 
4.IOE-15 
2.05E-05 
9.50E-05 
2.78E-15 
5.27E-l l 
l.64E-08 
l.19E-06 
4 .56E-07 
7.18E-17 
8.56E-10 
2.30E-13 
I.96E-10 
7.35E-10 
6.66E-17 
3.62E-l l 
9.19E-54 
4.89E-31 
I.73E-04 
5.61E-12 
2.38E-04 
6.85E-05 
9.37E-17 
6.77E-15 
2.07E-03 
5.42E+Ol 
4.646 
-0.442 
2 
l.OOE-05 
4.74E-10 
9.93E-Ol 
l.OOE+OO 
9.74E-05 
l.OOE+OO 
9.62E-Ol 
2.79E-05 
8.69E-07 
2.70E-09 
5.50E-04 
5.63E-Ol 
8.16E-07 
7.67E-03 
3.34E-38 
l.95E-04 
6.00E-04 
4.91E-06 
3.17E-15 
9.08E-17 
8.65E-13 
l.75E-17 
5.40E-13 
l.54E-ll 
2.llE-11 
7.06E-01 
2.04E-04 
6.39E-Ol 
2.94E-06 
8.69E-08 
7.16E-04 
2.50E-ll 
l.79E-Ol 
6.70E-02 
l.20E-07 
l.27E- l l 
3.74E-13 
3.54E-02 
7.44E-06 
3.35E-09 
l.07E-09 
5.91E-08 
6.00E-15 
2.04E-05 
9.50E-05 
8.81E-16 
2.35E-ll 
l.04E-08 
l.07E-06 
5.74E-07 
5.07E-17 
8.53E-10 
3.24E-13 
l.46E- 10 
5.75E-10 
5.47E-17 
2.57E-ll 
3.26E-54 
l.77E-31 
l.56E-04 
7.47E-12 
2.15E-04 
6.23E-05 
5.98E-17 
4.34E-15 
l.26E-03 
5.43E+Ol 
4.793 
-0.458 
l.OOE-05 
6.49E-10 
9.92E-Ol 
l.OOE+OO 
l.33E-04 
l.OOE+OO 
9.66E-Ol 
l.96E-05 
l.23E-06 
3.27E-09 
4.71E-04 
3.41E-Ol 
l.16E-06 
7.70E-03 
3.33E-38 
l.95E-04 
4.42E-04 
5.1 2E-06 
3.44E-15 
9.86E-17 
6.34E-13 
2.59E-17 
5.62E-13 
2.27E-l l 
2.20E-l l 
7.05E-Ol 
l.44E-04 
6.38E-Ol 
4.18E-06 
l.06E-07 
6.15E-04 
3.69E-l l 
l.80E-Ol 
6.68E-02 
l.70E-07 
l.88E-l l 
3.91E-13 
3.54E-02 
7.39E-06 
4.74E-09 
l.29E-09 
5.06E-08 
8.84E-15 
2.04E-05 
9.50E-05 
2.72E-16 
l.04E-ll 
6.49E-09 
9.49E-07 
7.26E-07 
3.56E-17 
8.52E-10 
4.59E-13 
l.07E-10 
4.42E-10 
4.39E-17 
l.82E-ll 
l.13E-54 
6.24E-32 
l.42E-04 
l.OlE-11 
l.97E-04 
5.72E-05 
3.83E-17 
2.80E-15 
7.64E-04 
5.43E+OI 
4.944 
-0.475 
4 
l.OOE-05 
7.89E-10 
9.92E-Ol 
l.OOE+OO 
l.62E-04 
l.OOE+.00 
9.68E-01 
l.37E-05 
l.76E-06 
4.04E-09 
4.07E-04 
2.06E-01 
1.66E-06 
7.72E-03 
3.32E-38 
l.95E-04 
3.21E-04 
5.31E-06 
3.70E-15 
l.06E-16 
4.59E-13 
3.84E-17 
5.83E-13 
3.37E-l l 
2.28E-l l 
7.05E-Ol 
l.OIE-04 
6.38E-Ol 
5.98E-06 
l.31E-07 
5.33E-04 
5.48E-l l 
l.80E-Ol 
6.67E-02 
2.44E-07 
2.78E- l l 
4.06E-13 
3.54E-02 
7.36E-06 
6.76E-09 
l.60E-09 
4.37E-08 
l.31E-14 
2.03E-05 
9.50E-05 
8.22E-17 
4.47E-12 
4.02E-09 
8.42E-07 
9.23E-07 
2.48E-17 
8.51E-10 
6.57E-13 
7.75E-l l 
3.33E-10 
3.43E-17 
l.27E-l l 
3.85E-55 
2.14E-32 
l.31E-04 
l.39E-l l 
1.82E-04 
5.30E-05 
2.47E-17 
l.81E-15 
4.64E-04 
5.44E+Ol 
5.1 
-0.492 
l.OOE-05 
9.00E-10 
9.92E-Ol 
l.OOE+OO 
l.84E-04 
l.OOE+OO 
9.69E-01 
9.50E-06 
2.54E-06 
5.08E-09 
3.55E-04 
J.25E-01 
2.40E-06 
7.73E-03 
3.32E-38 
l.95E-04 
2.30E-04 
5.48E-06 
3.94E-15 
l.13E-16 
3.28E-13 
5.70E-17 
6.02E-13 
5.0lE-11 
2.35E-ll 
7.04E-Ol 
6.97E-05 
6.37E-Ol 
8.63E-06 
l.65E-07 
4.66E-04 
8.1 7E-l l 
l.80E-Ol 
6.66E-02 
3.52E-07 
4.14E-ll 
4.19E-13 
3.54E-02 
7.35E-06 
9.74E-09 
2.0IE-09 
3.81E-08 
1.95E-14 
2.03E-05 
9.50E-05 
2.41E-17 
l.90E-12 
2.46E-09 
7.45E-07 
l.18E-06 
l.72E-17 
8.50E-10 
9.47E-13 
5.54E-l l 
2.46E-10 
2.62E-17 
8.81E-12 
1.28E-55 
7.14E-33 
l.23E-04 
l.94E-ll 
l.71E-04 
4.98E-05 
l.60E-17 
l.18E-15 
2.81E-04 
5.44E+Ol 
5.259 
-0.51 
Output from HCh Program 
6 
l.OOE-05 
9.85E-10 
9.92E-Ol 
l.OOE+OO 
2.0lE-04 
l.OOE+OO 
9.70E-Ol 
6.54E-06 
3.68E-06 
6.48E-09 
3.12E-04 
7.54E-02 
3.48E-06 
7.74E-03 
3.32E-38 
l.95E-04 
l.62E-04 
5.61E-06 
4.14E-15 
1.19E-16 
2.32E-13 
8.49E-17 
6. l?E-13 
7.45E-l l 
2.41E-ll 
7.04E-Ol 
4.80E-05 
6.37E-Ol 
l.25E-05 
2.lOE-07 
4.09E-04 
l.22E-10 
l.80E-Ol 
6.66E-02 
5.l lE-07 
6.17E-ll 
4.30E-13 
3.54E-02 
7.34E-06 
l.41E-08 
2.55E-09 
3.34E-08 
2.90E-14 
2.03E-05 
9.50E-05 
6.95E-18 
7.93E-13 
l.50E-09 
6.58E-07 
1.51E-06 
l.18E-17 
8.50E-10 
l.38E-12 
3.91E-l l 
l.78E-10 
l.95E-17 
6.07E-12 
4.17E-56 
2.33E-33 
1.17E-04 
2.74E-ll 
l.62E-04 
4.73E-05 
l.05E-17 
7.69E-16 
l.70E-04 
5.44E+Ol 
5.42 
-0.527 
7 
l.OOE-05 
1.05E-09 
9.92E-Ol 
l.OOE+OO 
2.13E-04 
l.OOE+OO 
9.71E-Ol 
4.48E-06 
5.37E-06 
8.31E-09 
2.74E-04 
4.55E-02 
5.08E-06 
7.74E-03 
3.31E-38 
l.95E-04 
l.13E-04 
5.72E-06 
4.31E-15 
l.23E-16 
l.62E-13 
l.26E-16 
6.29E-13 
l.l IE-10 
2.46E-ll 
7.04E-Ol 
3.29E-05 
6.37E-Ol 
l.83E-05 
2.70E-07 
3.60E-04 
l.81E-10 
l.80E-Ol 
6.65E-02 
7.44E-07 
9.l?E-11 
4.38E-13 
3.54E-02 
7.33E-06 
2.06E-08 
3.28E-09 
2.94E-08 
4.31E-14 
2.03E-05 
9.50E-05 
l.98E-18 
3.29E-13 
9.06E-10 
5.81E-07 
l.95E-06 
8.09E-18 
8.49E-10 
2.0lE-12 
2.74E-ll 
l.27E-10 
1.41E-17 
4.16E-12 
l.34E-56 
7.54E-34 
l.12E-04 
3.92E-ll 
1.56E-04 
4.55E-05 
6.90E-18 
5.07E-1 6 
l.03E-04 
5.44E+Ol 
5.584 
-0.545 
l.OOE-05 
l.09E-09 
9.92E-Ol 
1.00E+OO 
2.22E-04 
l.OOE+OO 
9.71E-Ol 
3.08E-06 
7.81E-06 
l.06E-08 
2.41E-04 
2.74E-02 
7.40E-06 
7.74E-03 
3.31E-38 
l.95E-04 
7.90E-05 
5.81E-06 
4.43E-15 
1.27E-16 
l.13E-13 
l.86E-16 
6.38E-13 
l.64E-10 
2.50E-11 
7.04E-Ol 
2.26E-05 
6.37E-Ol 
2.66E-05 
3.45E-07 
3.16E-04 
2.67E-10 
l.80E-Ol 
6.65E-02 
l.08E-06 
l.35E-1 0 
4.44E-13 
3.54E-02 
7.32E-06 
3.00E-08 
4.18E-09 
2.58E-08 
6.36E-14 
2.03E-05 
9.50E-05 
5.64E-19 
l.37E-13 
5.49E-10 
5.12E-07 
2.50E-06 
5.55E-1 8 
8.49E-10 
2.92E-12 
l.91E-ll 
9.00E-11 
l.OIE-17 
2.86E-12 
4.35E-57 
2.44E-34 
l.09E-04 
5.62E-l l 
l.52E-04 
4.42E-05 
4.60E-18 
3.38E-16 
6.19E-05 
5.44E+Ol 
5.747 
-0.563 
l.OOE-05 
l.12E-09 
9.92E-Ol 
1.00E+OO 
2.28E-04 
1.00E+OO 
9.71E-Ol 
2.13E-06 
l.13E-05 
l.33E-08 
2.09E-04 
l.65E-02 
l.07E-05 
7.75E-03 
3.31E-38 
l.95E-04 
5.53E-05 
5.86E-06 
4.52E-15 
l.29E-16 
7.89E-14 
2.71E-16 
6.44E-13 
2.38E-10 
2.52E-ll 
7.04E-Ol 
l.57E-05 
6.37E-Ol 
3.85E-05 
4.32E-07 
2.74E-04 
3.89E-10 
l.80E-Ol 
6.65E-02 
l.56E-06 
l.97E-10 
4.49E-13 
3.54E-02 
7.32E-06 
4.33E-08 
5.24E-09 
2.24E-08 
9.26E-14 
2.03E-05 
9.50E-05 
l.66E-19 
5.81E-14 
3.36E-10 
4.53E-07 
3.19E-06 
3.85E-18 
8.49E-10 
4.22E-12 
l.33E-l l 
6.35E-l l 
7.23E-18 
l.98E-12 
l.45E-57 
8.13E-35 
I.07E-04 
8.04E-l l 
l.49E-04 
4.34E-05 
3.13E-18 
2.30E-16 
3.73E-05 
5.44E+Ol 
5.907 
-0.581 
10 
l.OOE-05 
l.14E-09 
9.92E-Ol 
l.OOE+OO 
2.31E-04 
l.OOE+OO 
9.71E-Ol 
l.51E-06 
l.60E-05 
l.60E-08 
l.77E-04 
9.89E-03 
l.51E-05 
7.75E-03 
3.31E-38 
l.95E-04 
3.93E-05 
5.90E-06 
4.57E-15 
l.31E-16 
5.61E-14 
3.86E-16 
6.48E-13 
3.39E-10 
2.54E-ll 
7.04E-Ol 
l.l IE-05 
6.37E-Ol 
5.44E-05 
5.19E-07 
2.33E-04 
5.55E-10 
l.80E-Ol 
6.64E-02 
2.21E-06 
2.81E-IO 
4.5IE-13 
3.54E-02 
7.32E-06 
6.12E-08 
6.29E-09 
l.90E-08 
l.32E-13 
2.03E-05 
9.50E-05 
5.21E-20 
2.58E-14 
2.12E-10 
4.04E-07 
4.03E-06 
2.72E-18 
8.49E-10 
5.97E-12 
9.48E-12 
4.55E-ll 
5.21E-18 
1.40E-12 
5.IOE-58 
2.87E-35 
1.05E-04 
1.13E-10 
l.47E-04 
4.29E-05 
2.18E-1 8 
1.60E-16 
2.23E-05 
5.44E+Ol 
6.057 
-0.597 
Step 
Gold 
IGoldDep 
Quartz 
Pyrite 
IPyrite Dep 
Muscovite 
H20 (*) 
H+ 
OH-
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04(aq) 
02(aq) 
H2 (aq) 
H2S (aq) 
HS-
S2--
S203-- · 
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04 (aq) 
Ca Cl+ 
CaCl2 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOH aq 
Au(OH)2-
AuHS aq 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4(aq) 
Water (mol) 
pH 
Eh(V) 
Appendix 5.2.1 
Boiling with Kaolinite Equilibration (5e5), T=280°C 
II 
l.OOE-05 
1.16E-09 
9.92E-Ol 
I.OOE+OO 
2.33E-04 
l.OOE+OO 
9.71E-Ol 
l.IOE-06 
2.18E-05 
I.79E-08 
l.45E-04 
5.91E-03 
2.07E-05 
7.75E-03 
3.31E-38 
l.95E-04 
2.88E-05 
5.92E-06 
4.60E-15 
l.32E-16 
4.llE-14 
5.31E-16 
6.51E-13 
4.66E-10 
2.54E-ll 
7.04E-Ol 
8.09E-06 
6.37E-Ol 
7.45E-05 
5.80E-07 
I.90E-04 
7.62E-10 
l.80E-01 
6.64E-02 
3.03E-06 
3.85E-IO 
4.53E-13 
3.54E-02 
7.32E-06 
8.37E-08 
7.04E-09 
l.55E-08 
l.81E-13 
2.03E-05 
9.50E-05 
I.83E-20 
l.24E-14 
l.39E-10 
3.64E-07 
4.97E-06 
l.99E-18 
8.49E-10 
8.17E-12 
6.95E-12 
3.35E-11 
3.85E-18 
l.02E-12 
l.99E-58 
1.12E-35 
l.05E-04 
l.54E-10 
l.46E-04 
4.26E-05 
l.58E-18 
l.16E-16 
l.34E-05 
5.44E+Ol 
6.194 
-0.612 
12 
l.OOE-05 
l.16E-09 
9.92E-Ol 
I.OOE+OO 
2.34E-04 
l.OOE+OO 
9.71E-01 
8.45E-07 
2.84E-05 
l.81E-08 
1.13E-04 
3.53E-03 
2.69E-05 
7.75E-03 
3.31E-38 
l.95E-04 
2.22E-05 
5.93E-06 
4.62E-15 
l.32E-16 
3.16E-14 
6.92E-16 
6.52E-13 
6.07E-10 
2.55E-ll 
7.04E-Ol 
6.22E-06 
6.37E-Ol 
9.69E-05 
5.87E-07 
1.48E-04 
9.93E-10 
l.80E-Ol 
6.64E-02 
3.94E-06 
5.02E-10 
4.53E-13 
3.54E-02 
7.32E-06 
l.09E-07 
7.llE-09 
l.21E-08 
2.36E-13 
2.03E-05 
9.50E-05 
7.62E-21 
6.72E-15 
9.81E-ll 
3.33E-07 
5.92E-06 
1.53E-18 
8.49E-10 
l.06E-11 
5.35E-12 
2.58E-l l 
2.97E-18 
7.86E-13 
9.03E-59 
5.08E-36 
l.04E-04 
2.00E-10 
l.46E-04 
4.24E-05 
l.21E-18 
8.91E-17 
7.97E-06 
5.44E+Ol 
6.308 
-0.625 
13 
l.OOE-05 
l.17E-09 
9.92E-Ol 
l.OOE+OO 
2.34E-04 
1.00E+OO 
9.71E-Ol 
6.92E-07 
3.47E-05 
l.61E-08 
8.22E-05 
2.llE-03 
3.29E-05 
7.75E-03 
3.31E-38 
l.95E-04 
l.82E-05 
5.93E-06 
4.62E-15 
l.32E-16 
2.59E-14 
8.45E-16 
6.52E-13 
7.42E-10 
2.55E-ll 
7.04E-Ol 
5.09E-06 
6.37E-Ol 
1.18E-04 
5.23E-07 
l.08E-04 
l.21E-09 
1.80E-Ol 
6.64E-02 
4.81E-06 
6.13E-10 
4.53E-13 
3.54E-02 
7.31E-06 
l.33E-07 
6.34E-09 
8.80E-09 
2.88E-13 
2.03E-05 
9.49E-05 
3.91E-21 
4.22E-15 
7.51E-ll 
3.12E-07 
6.76E-06 
l.25E-18 
8.49E-10 
l.30E-l l 
4.38E-12 
2.llE-11 
2.43E-18 
6.44E-13 
4.96E-59 
2.79E-36 
l.04E-04 
2.45E-10 
I.46E-04 
4.24E-05 
9.93E-19 
7.30E-l 7 
4.76E-06 
5.44E+Ol 
6.395 
-0.634 
14 
l.OOE-05 
l.17E-09 
9.92E-Ol 
l.OOE+OO 
2.34E-04 
l.OOE+OO 
9.71E-01 
6.08E-07 
3.95E-05 
l.25E-08 
5.61E-05 
l.26E-03 
3.75E-05 
7.75E-03 
3.31E-38 
l.95E-04 
l.59E-05 
5.92E-06 
4.61E-15 
l.32E-16 
2.27E-14 
9.61E-16 
6.51E-13 
8.44E-10 
2.55E-l l 
7.04E-Ol 
4.47E-06 
6.37E-Ol 
l.35E-04 
4.07E-07 
7.37E-05 
l.38E-09 
l.80E-Ol 
6.64E-02 
5.47E-06 
6.98E-10 
4.53E-13 
3.54E-02 
7.31E-06 
l.51E-07 
4.93E-09 
6.0IE-09 
3.28E-13 
2.03E-05 
9.49E-05 
2.54E-21 
3.llE-15 
6.32E-ll 
2.99E-07 
7.38E-06 
l.IOE-18 
8.49E-10 
l.48E-ll 
3.84E-12 
l.85E-l l 
2.13E-18 
5.65E-13 
3.36E-59 
l.89E-36 
l.04E-04 
2.79E-10 
l.46E-04 
4.25E-05 
8.74E-19 
6.42E-17 
2.85E-06 
5.44E+Ol 
6.451 
-0.641 
15 
l.OOE-05 
l.17E-09 
9.92E-Ol 
l.OOE+OO 
2.33E-04 
I.OOE+OO 
9.71E-Ol 
5.71E-07 
4.21E-05 
8.56E-09 
3.60E-05 
7.62E-04 
3.99E-05 
7.75E-03 
3.31E-38 
l.95E-04 
l.49E-05 
5.91E-06 
4.59E-15 
l.31E-16 
2.13E-14 
l.02E-15 
6.50E-13 
8.98E-10 
2.54E-l l 
7.04E-01 
4.20E-06 
6.37E-Ol 
l.44E-04 
2.78E-07 
4.74E-05 
l.47E-09 
l.80E-Ol 
6.63E-02 
5.83E-06 
7.42E-10 
4.52E-13 
3.54E-02 
7.31E-06 
l.61E-07 
3.37E-09 
3.86E-09 
3.48E-13 
2.03E-05 
9.49E-05 
2.06E-21 
2.69E-15 
5.81E-ll 
2.92E-07 
7.70E-06 
l.03E-18 
8.49E-10 
l.57E-ll 
3.60E-12 
I.73E-l l 
l.99E-18 
5.31E-13 
2.78E-59 
I.56E-36 
I.05E-04 
2.97E-10 
l.46E-04 
4.27E-05 
8.23E-19 
6.05E-17 
l.72E-06 
5.44E+OI 
6.479 
-0.644 
16 
l.OOE-05 
l.17E-09 
9.92E-Ol 
l.OOE+OO 
2.31E-04 
l.OOE+OO 
9.71E-Ol 
5.67E-07 
4.24E-05 
5.25E-09 
2.20E-05 
4.62E-04 
4.02E-05 
7.75E-03 
3.31E-38 
l.95E-04 
l.48E-05 
5.90E-06 
4.57E-15 
l.31E-16 
2.l!E-14 
l.03E-15 
6.48E-13 
9.0IE-10 
2.54E-l l 
7.04E-Ol 
4.17E-06 
6.38E-Ol 
l.45E-04 
l.71E-07 
2.89E-05 
1.47E-09 
l.80E-Ol 
6.63E-02 
5.86E-06 
7.44E-10 
4.51E-13 
3.54E-02 
7.31E-06 
l.62E-07 
2.07E-09 
2.35E-09 
3.50E-13 
2.03E-05 
9.SOE-05 
2.0IE-21 
2.65E-15 
5.76E-l l 
2.92E-07 
7.73E-06 
l.02E-18 
8.49E-10 
l.58E-ll 
3.57E-12 
l.71E-ll 
l.96E-18 
5.28E-13 
2.73E-59 
I.54E-36 
1.05E-04 
3.00E-10 
l.47E-04 
4.29E-05 
8.22E-19 
6.04E-17 
l.04E-06 
5.44E+Ol 
6.481 
-0.644 
Output from HCh Program 
17 
l.OOE-05 
l.17E-09 
9.92E-Ol 
l.OOE+OO 
2.30E-04 
l.OOE+OO 
9.71E-Ol 
5.90E-07 
4.07E-05 
2.95E-09 
l.29E-05 
2.81E-04 
3.86E-05 
7.75E-03 
3.31E-38 
l.95E-04 
l.54E-05 
5.88E-06 
4.55E-15 
l.30E-16 
2.19E-14 
9.83E-16 
6.46E-13 
8.63E-10 
2.53E-l l 
7.04E-Ol 
4.34E-06 
6.38E-Ol 
l.39E-04 
9.61E-08 
l.69E-05 
l.41E-09 
l.80E-Ol 
6.63E-02 
5.63E-06 
7.13E-10 
4.49E-13 
3.54E-02 
7.31E-06 
l.56E-07 
l.16E-09 
l.38E-09 
3.35E-13 
2.03E-05 
9.SOE-05 
2.30E-21 
2.91E-15 
6.07E-l l 
2.96E-07 
7.53E-06 
l.07E-18 
8.49E-10 
1.52E-ll 
3.70E-12 
l.77E-ll 
2.02E-18 
5.49E-13 
3.07E-59 
1.73E-36 
l.06E-04 
2.89E-10 
l.48E-04 
4.31E-05 
8.60E-19 
6.32E-17 
6.35E-07 
5.44E+Ol 
6.464 
-0.642 
18 
l.OOE-05 
l.l?E-09 
9.92E-Ol 
I.OOE+OO 
2.28E-04 
l.OOE+OO 
9.71E-01 
6.37E-07 
3.77E-05 
l.55E-09 
7.29E-06 
1.72E-04 
3.58E-05 
7.75E-03 
3.31E-38 
l.95E-04 
l.65E-05 
5.86E-06 
4.52E-15 
l.29E-16 
2.36E-14 
9.09E-16 
6.44E-13 
7.98E-10 
2.52E-ll 
7.04E-Ol 
4.68E-06 
6.38E-Ol 
l.29E-04 
5.04E-08 
9.57E-06 
l.30E-09 
l.80E-Ol 
6.63E-02 
5.22E-06 
6.59E-10 
4.47E-13 
3.54E-02 
7.31E-06 
l.45E-07 
6.l IE-10 
7.80E-10 
3.lOE-13 
2.03E-05 
9.50E-05 
2.96E-21 
3.47E-15 
6.72E-ll 
3.03E-07 
7.16E-06 
l.15E-18 
8.49E-10 
l.41E-11 
3.98E-12 
l.90E-ll 
2.16E-18 
5.92E-13 
3.85E-59 
2.17E-36 
l.07E-04 
2.69E-10 
1.49E-04 
4.34E-05 
9.34E-19 
6.87E-17 
3.88E-07 
5.44E+Ol 
6.431 
-0.638 
19 
I.OOE-05 
1.17E-09 
9.92E-Ol 
l.OOE+OO 
2.25E-04 
I.OOE+OO 
9.71E-Ol 
7.07E-07 
3.40E-05 
7.70E-10 
4.02E-06 
l.05E-04 
3.22E-05 
7.75E-03 
3.31E-38 
l.95E-04 
l.83E-05 
5.84E-06 
4.48E-15 
1.28E-16 
2.61E-14 
8.15E-16 
6.42E-13 
7.16E-10 
2.51E-l l 
7.04E-Ol 
5.20E-06 
6.38E-Ol 
l.16E-04 
2.50E-08 
5.28E-06 
l.17E-09 
l.80E-Ol 
6.63E-02 
4.70E-06 
5.90E-10 
4.46E-13 
3.53E-02 
7.31E-06 
l.30E-07 
3.03E-10 
4.30E-10 
2.78E-13 
2.03E-05 
9.50E-05 
4.20E-21 
4.43E-15 
7.73E-ll 
3.14E-07 
6.68E-06 
l.28E-18 
8.49E-10 
l.27E-ll 
4.40E-12 
2.09E-ll 
2.37E-18 
6.58E-13 
5.28E-59 
2.98E-36 
l.07E-04 
2.43E-10 
l.50E-04 
4.38E-05 
1.05E-18 
7.69E-17 
2.37E-07 
5.43E+Ol 
6.386 
-0.633 
20 
l.OOE-05 
l.17E-09 
9.92E-Ol 
l.OOE+OO 
2.23E-04 
l.OOE+OO 
9.71E-Ol 
8.05E-07 
2.98E-05 
3.64E-10 
2.16E-06 
6.44E-05 
2.83E-05 
7.75E-03 
3.31E-38 
l.95E-04 
2.07E-05 
5.81E-06 
4.44E-15 
1.27E-16 
2.95E-14 
7.12E-16 
6.39E-13 
6.25E-10 
2.50E-ll 
7.04E-Ol 
5.92E-06 
6.38E-Ol 
l.02E-04 
l.18E-08 
2.84E-06 
l.02E-09 
l.80E-Ol 
6.63E-02 
4.13E-06 
5.16E-10 
4.43E-13 
3.53E-02 
7.32E-06 
l.14E-07 
l.43E-10 
2.31E-10 
2.43E-13 
2.03E-05 
9.50E-05 
6.47E-21 
6.00E-15 
9.19E-ll 
3.28E-07 
6.12E-06 
1.45E-18 
8.49E-10 
l.12E-l l 
4.99E-12 
2.36E-l l 
2.66E-18 
7.49E-13 
7.80E-59 
4.39E-36 
I.09E-04 
2.15E-10 
I.52E-04 
4.42E-05 
l.20E-18 
8.84E-17 
1.45E-07 
5.43E+Ol 
6.329 
-0.627 
21 
l.OOE-05 
l.16E-09 
9.92E-Ol 
l.OOE+OO 
2.19E-04 
l.OOE+OO 
9.71E-Ol 
9.37E-07 
2.56E-05 
l.64E-10 
l.14E-06 
3.95E-05 
2.43E-05 
7.75E-03 
3.31E-38 
l.95E-04 
2.40E-05 
5.78E-06 
4.39E-15 
l.26E-16 
3.42E-14 
6.08E-16 
6.35E-13 
5.34E-10 
2.48E-l l 
7.04E-Ol 
6.90E-06 
6.38E-Ol 
8.75E-05 
5.34E-09 
l.49E-06 
8.73E-10 
l.80E-Ol 
6.62E-02 
3.54E-06 
4.40E-10 
4.41E-13 
3.53E-02 
7.32E-06 
9.82E-08 
6.47E-l l 
l.22E-10 
2.07E-13 
2.03E-05 
9.51E-05 
l.08E-20 
8.56E-15 
1.13E-10 
3.45E-07 
5.53E-06 
1.69E-18 
8.49E-10 
9.59E-12 
5.78E-12 
2.72E-ll 
3.05E-1 8 
8.73E-13 
I.23E-58 
6.95E-36 
l.IOE-04 
1.85E-10 
1.53E-04 
4.47E-05 
1.42E-18 
1.04E-16 
8.91E-08 
5.43E+Ol 
6.263 
-0.62 
Step 
Gold 
IGold Dep 
Quartz 
Pyrite 
LPyriteDep 
Muscovite 
H20(*) 
H+ 
OH-
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04 (aq) 
02 (aq) 
H2(aq) 
H2S (aq) 
HS-
S2--
S203-- · 
S02 (aq) 
S03-- . 
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCl (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04(aq) 
Ca Cl+ 
CaCl2(aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOH aq 
Au(OH)2-
AuHS aq 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCl+ 
FeCl2 (aq) 
Fe+++ 
FeCl++ 
CH4 (aq) 
Water (mol) 
pH 
Eh(V) 
Appendix 5.2.1 
Boiling with Kaolinite Equilibration (5e5), T=280°C 
22 
1.00E-05 
l.16E-09 
9.92E-OI 
1.00E+OO 
2.15E-04 
1.00E+OO 
9.71E-01 
LI lE-06 
2.16E-05 
7.12E-11 
5.86E-07 
2.42E-05 
2.04E-05 
7.75E-03 
3.31E-38 
1.95E-04 
2.83E-05 
5.74E-06 
4.33E-15 
1.24E-16 
4 .04E-14 
5.08E-16 
6.31E-13 
4.46E-10 
2.47E-11 
7.04E-Ol 
8.20E-06 
6.38E-01 
7.36E-05 
2.32E-09 
7 .70E-07 
7 .29E-10 
1.80E-01 
6.62E-02 
2.98E-06 
3.68E-10 
4.38E-13 
3.53E-02 
7.32E-06 
8.26E-08 
2 .80E-ll 
6.27E-11 
1.73E-13 
2.03E-05 
9.51E-05 
1.92E-20 
1.28E-14 
1.42E-10 
3.66E-07 
4.93E-06 
2.0lE-18 
8.49E-10 
8.06E-12 
6.83E-12 
3.l9E-l 1 
3.55E-18 
1.04E-12 
2.07E-58 
l.17E-35 
LllE-04 
1.57E-10 
1.55E-04 
4.54E-05 
1.71E-18 
1.26E-16 
5.46E-08 
5.43E+Ol 
6.188 
-0.612 
23 
1.00E-05 
l.15E-09 
9.92E-01 
1.00E+OO 
2.IOE-04 
1.00E+OO 
9.71E-01 
L35E-06 
1.78E-05 
2.97E-11 
2.96E-07 
l.48E-05 
1.69E-05 
7.75E-03 
3.31E-38 
L95E-04 
3.40E-05 
5.69E-06 
4.26E-15 
1.22E-16 
4.85E-14 
4.16E-16 
6.26E-13 
3.65E-10 
2.45E-11 
7.04E-01 
9.93E-06 
6.38E-01 
6.08E-05 
9.67E-10 
3.89E-07 
5.98E-10 
l.80E-01 
6.62E-02 
2.46E-06 
3.0IE-10 
4.34E-13 
3.53E-02 
7.32E-06 
6.83E-08 
L17E-11 
3.17E-11 
1.42E-13 
2.03E-05 
9.51E-05 
3.63E-20 
2.00E-14 
1.83E-10 
3.90E-07 
4.34E·06 
2.44E-18 
8.49E-10 
6.66E-12 
8.20E-12 
3.79E-11 
4.19E-18 
1.26E-12 
3.68E-58 
2.07E-35 
l.13E-04 
L31E-10 
1.58E-04 
4.61E-05 
2.lOE-18 
1.55E-l6 
3.34E-08 
5.43E+O l 
6.105 
-0.603 
24 
1.00E-05 
l.15E-09 
9.92E-01 
1.00E+OO 
2.04E-04 
l .OOE+OO 
9.71E-01 
1.65E-06 
1.45E-05 
l.21E-11 
L48E-07 
9.06E-06 
L38E-05 
7.75E-03 
3.3 1E-38 
1.95E-04 
4.12E-05 
5.63E-06 
4.17E-15 
L19E-16 
5.88E-14 
3.36E-16 
6.19E-13 
2.95E-10 
2.42E-11 
7.05E-01 
1.22E-05 
6.38E-01 
4.96E-05 
3.94E-10 
1.94E-07 
4.83E-10 
1.80E-01 
6.62E-02 
2.0lE-06 
2.43E-10 
4.29E-13 
3.53E-02 
7.32E-06 
5.57E-08 
4.77E-12 
1.58E-11 
1.15E-13 
2.03E-05 
9.51E-05 
7.15E-20 
3.22E-14 
2.40E-10 
4.17E-07 
3.79E-06 
2.99E-18 
8.49E-10 
5.43E-12 
9.95E-12 
4.56E-11 
4.99E-18 
1.54E-12 
6.77E-58 
3.82E-35 
1.15E-04 
L08E-10 
1.61E-04 
4.71E-05 
2.63E-18 
1.93E-16 
2.04E-08 
5.43E+OI 
6.017 
-0.593 
25 
1.00E-05 
l.13E-09 
9.92E-01 
1.00E+OO 
1.96E-04 
1.00E+OO 
9.71E-01 
2.04E-06 
l.18E-05 
4.89E-12 
7 .33E-08 
5.53E-06 
l.12E-05 
7 .75E-03 
3.31E-38 
1.95E-04 
5.02E-05 
5.57E-06 
4.0SE-15 
l.17E-16 
7 .16E-14 
2.70E-16 
6.12E-13 
2.37E-10 
2.39E-11 
7.05E-01 
1.50E-05 
6.38E-01 
4.03E-05 
L59E-10 
9.64E-08 
3.88E-10 
1.SOE-01 
6.62E-02 
1.63E-06 
l.95E-10 
4.24E-13 
3.53E-02 
7.32E-06 
4.53E-08 
L92E-12 
7.85E-12 
9.21E-14 
2.03E-05 
9.51E-05 
1.43E-19 
5.23E-14 
3.17E-10 
4.47E-07 
3.30E-06 
3.67E-18 
8.49E-10 
4.42E-12 
l.21E-1 1 
5.48E-11 
5.93E-18 
1.90E-12 
1.26E-57 
7.llE-35 
l.18E-04 
8.85E-11 
l.65E-04 
4.82E-05 
3.31E-18 
2.43E-16 
1.25E-08 
5.43E+Ol 
5.926 
-0.583 
26 
1.00E-05 
1.12E-09 
9.92E-OI 
LOOE+OO 
l.88E-04 
LOOE+OO 
9.71E-01 
2.49E-06 
9.66E-06 
1.99E-12 
3.66E-08 
3.37E-06 
9.l5E-06 
7.75E-03 
3.31E-38 
L95E-04 
6.05E-05 
5.49E-06 
3.97E-15 
L14E-16 
8.63E-14 
2.18E-16 
6.04E-13 
L91E-10 
2.36E-11 
7.05E-01 
1.83E-05 
6.38E-01 
3.30E-05 
6.48E-11 
4.81E-08 
3.13E-10 
1.80E-01 
6.61E-02 
L33E-06 
1.58E-10 
4.19E-13 
3.53E-02 
7.32E-06 
3.70E-08 
7.85E-13 
3.92E-12 
7.43E-14 
2.03E-05 
9.51E-05 
2.79E-19 
8.36E-14 
4.14E-10 
4.78E-07 
2.89E-06 
4.49E-18 
8.49E-10 
3.61E-12 
1.46E-11 
6.52E-11 
6.96E-18 
2.32E-12 
2.3 lE-57 
UOE-34 
1.21E-04 
7.34E- 11 
1.70E-04 
4.95E-05 
4.16E-18 
3.06E-16 
7.62E-09 
5.43E+Ol 
5.839 
-0.573 
27 
1.00E-05 
Ll IE-09 
9.92E-01 
1.00E+OO 
1.77E-04 
1.00E+OO 
9.71E-01 
3.00E-06 
8.0lE-06 
8.36E-13 
1.85E-08 
2.05E-06 
7.60E-06 
7.75E-03 
3.31E-38 
1.95E-04 
7.18E-05 
5.41E-06 
3.85E-15 
LIOE-16 
1.02E-13 
1.78E-16 
5.95E-13 
L56E-10 
2.33E-11 
7.05E-01 
2.21E-05 
6.38E-01 
2.74E-05 
2.72E-11 
2.43E-08 
2.56E-10 
l.8 1E-01 
6.61E-02 
LllE-06 
1.29E-10 
4.12E-13 
3.53E-02 
7.32E-06 
3.07E-08 
3.29E-13 
1.98E-12 
6.08E- 14 
2.03E-05 
9.52E-05 
5.19E-19 
1.29E-13 
5.31E-10 
5.09E-07 
2.55E-06 
5.41E-18 
8.49E-10 
3.00E-12 
1.73E-11 
7.63E-11 
8.03E-18 
2.79E-12 
4.03E-57 
2.28E-34 
1.25E-04 
6.18E-11 
1.75E-04 
5.lOE-05 
5.16E-18 
3.80E-16 
4.64E-09 
5.43E+Ol 
5.758 
-0.565 
Output from HCh Program 
28 
1.00E-05 
l.IOE-09 
9 .92E-01 
1.00E+OO 
1.66E-04 
1.00E+OO 
9.71E-01 
3.55E-06 
6.78E-06 
3.64E-13 
9.52E-09 
1.25E-06 
6.42E-06 
7.75E-03 
3.31E-38 
1.95E-04 
8.36E-05 
5.33E-06 
3.73E-15 
1.07E-16 
l.19E-13 
1.48E-16 
5.86E-13 
UOE-10 
2.29E- ll 
7.05E-01 
2.61E-05 
6.38E-01 
2.31E-05 
l.18E-11 
1.25E-08 
2.13E-10 
1.81E-01 
6.61E-02 
9.35E-07 
1.07E-10 
4.06E-13 
3.53E-02 
7.32E-06 
2.60E-08 
1.43E-13 
1.02E-12 
5.06E-14 
2.03E-05 
9.52E-05 
9.0SE-19 
L91E-13 
6.64E-10 
5.38E-07 
2.28E-06 
6.40E-18 
8.49E-10 
2.54E-12 
2.02E-11 
8.74E-11 
9.05E-18 
3.30E-12 
6.67E-57 
3.76E-34 
1.29E-04 
5.31E-ll 
1.80E-04 
5.26E-05 
6.30E-18 
4.63E-16 
2.82E-09 
5.43E+O l 
5.685 
-0.557 
29 
1.00E-05 
1.08E-09 
9.92E-01 
1.00E+OO 
l.55E-04 
1.00E+OO 
9.71E-01 
4. llE-06 
5.85E-06 
1.65E-13 
4.99E-09 
7.60E-07 
5.54E-06 
7.75E-03 
3.31E-38 
l.95E-04 
9.53E-05 
5.24E-06 
3.61E-15 
l.03E-16 
L36E-13 
1.26E-16 
5.76E-13 
LllE-10 
2.25E-11 
7.05E-01 
3.03E-05 
6.38E-01 
2.00E-05 
5.36E-12 
6..56E-09 
l.81E-10 
l.81E-01 
6.61E-02 
8.06E-07 
9.IOE-11 
3.99E-13 
3.53E-02 
7.32E-06 
2.24E-08 
6.49E-14 
5.34E-13 
4.291"-14 
2.03E-05 
9.52E-05 
l.48E-18 
2.70E-13 
8.09E-10 
5.65E-07 
2.07E-06 
7.42E-18 
8.49E-10 
2.19E-12 
2.30E-11 
9.81E-11 
9.99E-18 
3.83E-12 
(04E-56 
5.86E-34 
L33E-04 
4.66E-11 
L86E-04 
5.44E-05 
7.55E- 18 
5.55E-16 
L72E-09 
5.43E+OI 
5.621 
-0.55 
30 
l.OOE-05 
l.07E-09 
9.92E-01 
1.00E+OO 
1.42E-04 
1.00E+OO 
9.71E-01 
4.68E-06 
5.14E-06 
7.73E-14 
2.67E-09 
4.62E-07 
4.87E-06 
7.75E-03 
3.31E-38 
l.95E-04 
1.07E-04 
5.16E-06 
3.50E-15 
LOOE-16 
1.52E-13 
1.09E-16 
5.67E-13 
9.56E-11 
2 .22E-11 
7.05E-01 
3.44E-05 
6.38E-01 
1.76E-05 
2.51E-12 
3.51E-09 
l.56E-10 
l.81E-01 
6.61E-02 
7.09E-07 
7.86E-11 
3.92E-13 
3.53E-02 
7.32E-06 
1.97E-08 
3.04E-14 
2.85E-13 
3.71E-14 
2.03E-05 
9.52E-05 
2.28E-18 
3.64E-13 
9.61E-10 
5.90E-07 
1.90E-06 
8.44E-18 
8.49E-10 
1.92E-12 
2.57E-11 
l.08E-10 
1.08E-17 
4.36E-12 
L53E-56 
8.63E-34 
L38E-04 
4.16E-11 
L93E-04 
5.62E-05 
8.88E-18 
6.53E-16 
1.04E-09 
5.43E+Ol 
5.565 
-0.543 
31 
1.00E-05 
1.06E-09 
9.92E-01 
1.00E+OO 
UOE-04 
1.00E+OO 
9.71E-01 
5.23E-06 
4.59E-06 
3.75E-14 
1.45E-09 
2.80E-07 
4.35E-06 
7.75E-03 
3.31E-38 
l.95E-04 
l.17E-04 
5.07E-06 
3.38E-15 
9.68E-17 
L68E-13 
9.56E-17 
5.57E-13 
8.40E-11 
2.18E-1 I 
7.05E-01 
3.85E-05 
6.38E-01 
1.57E-05 
1.22E-12 
l.90E-09 
L37E-10 
1.81E-01 
6.61E-02 
6.33E-07 
6.90E-11 
3.86E-13 
3.52E-02 
7.32E-06 
1.76E-08 
1.48E- 14 
1.55E-13 
3.26E-14 
2.03E-05 
9.52E-05 
3.33E-18 
4.74E-13 
1.12E-09 
6.13E-07 
1.76E-06 
9.45E-18 
8.49E-10 
1.72E-12 
2.83E-11 
L17E-10 
l.15E-17 
4.88E-12 
2.15E-56 
L21E-33 
l.43E-04 
3.78E-11 
l.99E-04 
5.81E-05 
l.03E-17 
7.56E-16 
6.33E-10 
5.43E+Ol 
5.516 
-0.538 
32 
LOOE-05 
l.05E-09 
9.92E-01 
1.00E+OO 
L16E-04 
LOOE+OO 
9.71E-01 
5.78E-06 
4.16E-06 
l.87E-14 
7.96E-10 
1.70E-07 
3.94E-06 
7.75E-03 
3.31E-38 
L95E-04 
L28E-04 
4.99E-06 
3.27E-15 
9.36E-17 
l.82E-13 
8.52E-17 
5.48E-13 
7.48E-11 
2.14E-11 
7.05E-01 
4.25E-05 
6.38E-01 
L42E-05 
6.07E-13 
1.05E-09 
1.22E-10 
l.81E-01 
6.60E-02 
5.73E-07 
6.15E-11 
3.79E-13 
3.52E-02 
7.32E-06 
L60E-08 
7.35E-15 
8.52E-14 
2.91E-14 
2.03E-05 
9.52E-05 
4.62E-18 
5.97E-13 
1.27E-09 
6.33E-07 
1.65E-06 
L04E-17 
8.49E-10 
L56E-12 
3.08E-11 
1.25E-10 
1.21E-17 
5.39E-12 
2.89E-56 
1.63E-33 
1.47E-04 
3.48E-11 
2.06E-04 
6.0IE-05 
L17E-17 
8.62E-16 
3.85E-10 
5.43E+Ol 
5.473 
-0.533 
Step 
Gold 
l:Gold Dep 
Quartz 
Pyrite 
LPyrite Dep 
Muscovite 
H20(*) 
H+ 
OH-
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04 (aq) 
02(aq) 
H2(aq) 
H2S (aq) 
HS-
S2--
S203--
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH (aq) 
NaC03-
NaHC03 (aq 
NaS04-
NaCl (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04(aq) 
Ca Cl+ 
CaC12 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOHaq 
Au(OH)2-
AuHS aq 
Au(HS)2-
Au2(HS)2S--
AuC12-
Au+++ 
AuC14-
Fe++ 
FeS04 (aq) 
FeCl+ 
FeC12 (aq) 
Fe+++ 
FeCl++ 
CH4 (aq) 
Water(mol) 
pH 
Eh(V) 
33 
l.OOE-05 
l.04E-09 
9.92E-01 
l.OOE+OO 
l.03E-04 
l.OOE+OO 
9.71E-01 
6.30E-06 
3.81E-06 
9.53E-15 
4.43E-10 
l.03E-07 
3.61E-06 
7.75E-03 
3.31E-38 
l.95E-04 
1.37E-04 
4.91E-06 
3.1 7E-15 
9.06E-17 
L95E-13 
7.68E-17 
5.39E-13 
6.75E-11 
2.11E-11 
7.05E-01 
4.64E-05 
6.38E-01 
1.30E-05 
3. !0E-1 3 
5.82E-10" 
1.IOE-10 
l.81E-01 
6.60E-02 
5.25E-07 
5.54E-11 
3.73E-13 
3.52E-02 
7.32E-06 
1.46E-08 
3.75E-15 
4.74E-14 
2.62E-14 
2.03E-05 
9.52E-05 
6.1 8E-18 
7.32E-13 
1.43E-09 
6.52E-07 
l.55E-06 
1.14E-17 
8.49E-!O 
l.43E-12 
3.30E-11 
1.32E-10 
l.26E-17 
5.88E-12 
3.75E-56 
2.12E-33 
l.52E-04 
3.25E-11 
2.13E-04 
6.21E-05 
1.32E-17 
9.72E-16 
2.33E-10 
5.43E+Ol 
5.436 
-0.529 
Appendix 5.2.1 
Boiling with Kaolinite Equilibration (5e5), T=280°C 
34 
l.OOE-05 
l.03E-09 
9.92E-Ol 
l.OOE+OO 
8.91E-05 
l.OOE+OO 
9.71E-01 
6.8 1E-06 
3.53E-06 
4.96E-15 
2.49E-10 
6.28E-08 
3.35E-06 
7.75E-03 
3.31E-38 
1.95E-04 
1.45E-04 
4.83E-06 
3.06E-15 
8.77E-17 
2.07E-13 
7.00E-17 
5.31E-13 
6.15E-11 
2.08E-11 
7.05E-01 
5.01E-05 
6.38E-01 
l.21E-05 
l.61E-13 
3.27E-10 
1.0IE-10 
l.81E-01 
6.60E-02 
4.86E-07 
5.05E-11 
3.67E-13 
3.52E-02 
7.32E-06 
1.35E-08 
1.95E-15 
2.67E-14 
2.39E-14 
2.03E-05 
9.52E-05 
7.99E-18 
8.76E-13 
1.59E-09 
6.69E-07 
1.48E-06 
1.23E-17 
8.49E-10 
1.32E-12 
3.51E-11 
1.38E-10 
1.29E-17 
6.35E-12 
4.72E-56 
2.67E-33 
l.57E-04 
3.05E-11 
2.20E-04 
6.42E-05 
l.48E-17 
l.08E-15 
l.42E-10 
5.43E+01 
5.402 
-0.525 
35 
l.OOE-05 
l.02E-09 
9.92E-Ol 
l.OOE+OO 
7.51E-05 
l.OOE+OO 
9.71E-01 
7.29E-06 
3.30E-06 
2.62E-1 5 
l.41E-10 
3.81E-08 
3.12E-06 
7.75E-03 
3.31E-38 
l.95E-04 
l.53E-04 
4.75E-06 
2.97E-15 
8.49E-17 
2.19E-13 
6.43E-17 
5.22E-13 
5.65E-11 
2.04E-11 
7.05E-01 
5.37E-05 
6.38E-01 
l.13E-05 
8.53E-14 
1.86E-10 
9.24E-11 
1.81E-01 
6.60E-02 
4.54E-07 
4.64E-11 
3.61E-13 
3.52E-02 
7.32E-06 
1.26E-08 
1.03E-15 
1.51E-14 
2.19E-14 
2.03E-05 
·9.52E-05 
l.OOE-17 
l.03E-12 
l.74E-09 
6.85E-07 
1.41E-06 
1.32E-17 
8.49E-IO 
l.23E-12 
3.70E-l 1 
l.43E-IO 
l.32E-17 
6.80E-12 
5.80E-56 
3.28E-33 
l .62E-04 
2.90E-11 
2.27E-04 
6.63E-05 
l.63E-17 
l.20E-15 
8.60E-11 
5.43E+01 
5.372 
-0.522 
36 
l.OOE-05 
l.02E-09 
9.92E-01 
1.00E+OO 
6.09E-05 
1.00E+OO 
9.71E-01 
7.75E-06 
3.!0E-06 
1.41E-15 
8.05E-11 
2.31E-08 
2.94E-06 
7.75E-03 
3.31E-38 
1.95E-04 
1.60E-04 
4.68E-06 
2.88E-15 
8.23E-17 
2.29E-13 
5.96E-17 
5.14E-13 
5.23E-11 
2.01E-11 
7.05E-01 
5.71E-05 
6.39E-01 
1.06E-05 
4.58E-14 
1.06E-10 
8.56E-11 
1.81E-01 
6.60E-02 
4.27E-07 
4.29E-11 
3.55E-13 
3.52E-02 
7.32E-06 
l.19E-08 
5.55E-16 
8.62E-15 
2.03E-14 
2.03E-05 
9.52E-05 
1.23E-17 
1.19E-12 
1.89E-09 
6.99E-07 
1.35E-06 
1.40E-17 
8.49E-10 
l.16E-12 
3.87E-11 
l.47E-10 
l.34E-17 
7.23E-12 
6.97E-56 
3.94E-33 
1.68E-04 
2.77E-11 
2.34E-04 
6.84E-05 
l.79E-17 
l.32E-15 
5.22E-11 
5.43E+01 
5.346 
-0.519 
37 
1.00E-05 
1.01E-09 
9.92E-01 
l.OOE+OO 
4.65E-05 
l.OOE+OO 
9.71E-01 
8.19E-06 
2.93E-06 
7.65E-16 
4.62E- 11 
1.40E-08 
2.78E-06 
7.75E-03 
3.31E-38 
l.95E-04 
l.67E-04 
4.61E-06 
2.79E-15 
7.98E-17 
2.38E-13 
5.55E-17 
5.06E-1 3 
4.88E-11 
l.98E-11 
7.05E-01 
6.03E-05 
6.39E-01 
l.OOE-05 
2.49E-14 
6.08E-11 
7.97E-11 
1.81E-01 
6.60E-02 
4.04E-07 
4.00E-11 
3.50E-13 
3.52E-02 
7.32E-06 
1.13E-08 
3.01E-16 
4.95E-15 
l.89E-14 
2.03E-05 
9.53E-05 
l.48E-17 
1.35E-12 
2.03E-09 
7.12E-07 
l.31E-06 
l.48E-17 
8.49E-10 
l.IOE-12 
4.03E-ll 
l.51E-10 
1.35E-17 
7.64E-12 
8.23E-56 
4.65E-33 
l.73E-04 
2.66E-11 
2.42E-04 
7.05E-05 
l.95E-17 
1.44E-15 
3.17E-ll 
5.43E+Ol 
5.322 
-0.517 
38 
1.00E-05 
1.01E-09 
9.92E-01 
l.OOE+OO 
3.20E-05 
l.OOE+OO 
9.71E-01 
8.61E-06 
2.79E-06 
4.20E-16 
2.67E-11 
8.51E-09 
2.65E-06 
7.75E-03 
3.31E-38 
l.95E-04 
1.73E-04 
4.54E-06 
2.71E-15 
7.75E-17 
2.47E-13 
5.20E-17 
4.99E-13 
4.57E-11 
l.95E-ll 
7.05E-01 
6.34E-05 
6.39E-Ol 
9.53E-06 
1.37E-14 
3.51E-11 
7.47E-l l 
1.81E-Ol 
6.59E-02 
3.84E-07 
3.75E-11 
3.44E-13 
3.52E-02 
7.32E-06 
l.07E-08 
1.65E-16 
2.86E-15 
l.77E-14 
2.03E-05 
9.53E-05 
l.75E-17 
l.52E-12 
2.17E-09 
7.24E-07 
1.26E-06 
l.55E-17 
8.49E-10 
l.04E-12 
4.17E-11 
l.54E-10 
1.36E-17 
8.03E-1 2 
9.57E-56 
5.40E-33 
l.78E-04 
2.57E-11 
2.49E-04 
7.27E-05 
2.12E-17 
l.56E-15 
l.92E-11 
5.43E+Ol 
5.3 
-0.514 
Output from HCh Program 
39 
l .OOE-05 
1.00E-09 
9.92E-Ol 
9.99E-01 
l.74E-05 
1.00E+OO 
9.71E-Ol 
9.0IE-06 
2.67E-06 
2.33E-16 
1.55E-11 
5.16E-09 
2.53E-06 
7.75E-03 
3.31E-38 
1.95E-04 
1.78E-04 
4.47E-06 
2.63E-15 
7.52E-17 
2.54E-13 
4.90E-17 
4.91E-13 
4.30E-11 
1.92E-l 1 
7.05E-01 
6.64E-05 
6.39E-01 
9.1 IE-06 
7.57E-15 
2.03E-11 
7.04E-11 
1.81E-01 
6.59E-02 
3.67E-07 
3.53E-11 
3.39E-13 
3.52E-02 
7.32E-06 
1.02E-08 
9.16E-17 
1.66E-15 
1.67E-14 
2.03E-05 
9.53E-05 
2.04E-1 7 
l.69E-12 
2.31E-09 
7.35E-07 
1.23E-06 
l.63E-17 
8.49E-10 
9.97E-13 
4.30E-11 
l.56E-10 
1.36E-17 
8.41E-12 
l.IOE-55 
6.19E-33 
1.84E-04 
2.49E-11 
2.57E-04 
7.49E-05 
2.28E-17 
l.68E-15 
l.17E-11 
5.43E+Ol 
5.28 
-0.512 
40 
l.OOE-05 
1.00E-09 
9.92E-01 
9.99E-01 
2.60E-06 
1.00E+OO 
9.71E-01 
9.40E-06 
2.56E-06 
1.30E-16 
9.00E-12 
3.13E-09 
2.42E-06 
7.75E-03 
3.31E-38 
1.95E-04 
l.83E-04 
4.41E-06 
2.55E-15 
7.31E-17 
2.61E-13 
4.63E-17 
4.84E-1 3 
4.07E-11 
l.89E-ll 
7.05E-01 
6.92E-05 
6.39E-01 
8.74E-06 
4.23E-15 
l.18E-11 
6.65E-11 
l.81E-01 
6.59E-02 
3.52E-07 
3.33E-11 
3.34E-13 
3.52E-02 
7.32E-06 
9.81E-09 
5.12E-17 
9.64E-16 
1.58E-14 
2.03E-05 
9.53E-05 
2.34E-17 
l.86E-12 
2.44E-09 
7.45E-07 
1.19E-06 
1.70E-17 
8.49E-10 
9.57E-13 
4.42E-11 
l.58E-10 
1.35E-17 
8.76E-12 
l.24E-55 
7.02E-33 
1.89E-04 
2.43E-11 
2.64E-04 
7.71E-05 
2.45E-l 7 
l.80E-15 
7.07E-12 
5.43E+Ol 
5.262 
-0.51 
Step 
Gold 
IGold Dep 
Quartz 
Pyrite 
IPyrite Dep 
Muscovite 
H20(*) 
H+ 
OH-
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04(aq) 
02(aq) 
H2 (aq) 
H2S (aq) 
HS-
S2--
S203-- · 
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq: 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCI (aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04 (aq) 
Ca Cl+ 
CaC12 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOH aq 
Au(OH)2-
AuHS aq 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCl+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4(aq) 
Water(mol) 
pH 
Eh(V) 
Appendix 5.2.2 
Boiling with Kaolinite Equilibration (le4), T=280'C 
0 
l.OOE-05 
O.OOE+OO 
9.93E-Ol 
9.99E-Ol 
O.OOE+OO 
1.00E+OO 
9.46E-Ol 
5.54E-05 
4.47E-07 
l.95E-09 
7.72E-04 
l.54E+OO 
4.12E-07 
7.54E-03 
3.40E-38 
l.94E-04 
l.07E-03 
4.48E-06 
2.65E-15 
7.58E-17 
l.56E-12 
8.25E-18 
4.93E-13 
7.25E-12 
l.93E-ll 
7.1 2E-Ol 
4 .00E-04 
6.44E-Ol 
l.49E-06 
6.19E-08 
9.94E-04 
l.16E-l l 
l.78E-Ol 
6.77E-02 
6.llE-08 
5.89E-12 
3.38E-13 
3.53E-02 
7.65E-06 
l.73E-09 
7.72E-10 
8.36E-08 
2.82E-15 
2.07E-05 
9.51E-05 
8.64E-15 
l.17E-10 
2.58E-08 
l.34E-06 
3.63E-07 
l.OlE-16 
8.60E-10 
l.65E-13 
2.61E-10 
9.25E-10 
7.98E-17 
5.04E-ll 
2.55E-53 
l.31E-30 
l.94E-04 
4.27E-12 
2.65E-04 
7.58E-05 
l.48E-16 
l.06E-14 
3.38E-03 
5.40E+Ol 
4.503 
-0.426 
l.OOE-05 
2.53E-10 
9.93E-Ol · 
1.00E+OO 
4.94E-05 
l.OOE+OO 
9.56E-Ol 
4.00E-05 
6.l IE-07 
2.21E-09 
6.39E-04 
9.30E-01 
5.70E-07 
7.62E-03 
3.36E-38 
l.94E-04 
8.13E-04 
4.68E-06 
2.88E-15 
8.24E-17 
1.18E-1 2 
1.18E-1 7 
5.14E-13 
l.03E-ll 
2.0lE-11 
7.08E-Ol 
2.91E-04 
6.41E-Ol 
2.06E-06 
7.06E-08 
8.28E-04 
l.66E-ll 
l.79E-Ol 
6.72E-02 
8.41E-08 
8.46E-12 
3.55E-13 
3.53E-02 
7.52E-06 
2.36E-09 
8.72E-10 
6.89E-08 
4.02E-15 
2.05E-05 
9.50E-05 
2.92E-15 
5.45E-ll 
l.67E-08 
1.20E-06 
4.51E-07 
7.29E-17 
8.56E-10 
2.27E-13 
l.98E-10 
7.39E-10 
6.67E-17 
3.67E-ll 
9.60E-54 
5.llE-31 
1.74E-04 
5.55E-12 
2.40E-04 
6.91E-05 
9.59E-17 
6.92E-15 
2.07E-03 
5.42E+Ol 
4.64 
-0.441 
2 
l.OOE-05 
4.60E-10 
9.93E-01 
l.OOE+OO 
8.93E-05 
l.OOE+OO 
9.62E-Ol 
2.89E-05 
8.40E-07 
2.52E-09 
5.31E-04 
5.63E-Ol 
7.88E-07 
7.67E-03 
3.34E-38 
l.95E-04 
6.1 6E-04 
4.86E-06 
3.l !E-15 
8.91E-17 
8.87E-13 
l.68E-17 
5.35E-13 
1.47E-ll 
2.09E-ll 
7.06E-Ol 
2.l IE-04 
6.39E-Ol 
2.84E-06 
8.lOE-08 
6.92E-04 
2.39E- ll 
l.79E-Ol 
6.69E-02 
l.16E-07 
l.21E-l l 
3.70E-13 
3.54E-02 
7.44E-06 
3.23E-09 
9.94E-10 
5.71E-08 
5.74E-15 
2.04E-05 
9.50E-05 
9.90E-16 
2.55E-11 
l.09E-08 
l.08E-06 
5.61E-07 
5.25E-17 
8.53E-10 
3.12E-13 
l.49E-10 
5.84E-IO 
5.50E-17 
2.67E-11 
3.62E-54 
l.97E-31 
l.58E-04 
7.28E-12 
2.19E-04 
6.35E-05 
6.31E-17 
4.58E-15 
l.26E-03 
5.43E+Ol 
4.778 
-0.457 
3 
1.00E-05 
6.28E-10 
9.92E-Ol 
l.OOE+OO 
l.21E-04 
l.OOE+OO 
9.66E-Ol 
2.09E-05 
1.16E-06 
2.88E-09 
4.42E-04 
3.41E-Ol 
l.09E-06 
7.70E-03 
3.33E-38 
l.95E-04 
4.64E-04 
5.04E-06 
3.34E-15 
9.56E-17 
6.65E-13 
2.39E-17 
5.54E-13 
2.lOE-11 
2.17E-ll 
7.05E-Ol 
l.53E-04 
6.38E-O l 
3.92E-06 
9.32E-08 
5.78E-04 
3.41E-11 
l.80E-Ol 
6.67E-02 
l.60E-07 
l.73E-ll 
3.85E-13 
3.54E-02 
7.39E-06 
4.45E-09 
l.14E-09 
4.75E-08 
8.17E-15 
2.04E-05 
9.50E-05 
3.36E-16 
l.20E-ll 
7.06E-09 
9.69E-07 
6.96E-07 
3.79E-17 
8.52E-10 
4.31E-13 
l.12E-10 
4.57E-10 
4.46E-17 
l.93E-ll 
l.37E-54 
7.54E-32 
l.46E-04 
9.64E-1 2 
2.03E-04 
5.90E-05 
4.21E-17 
3.07E-15 
7.65E-04 
5.43E+OI 
4.917 
-0.472 
4 
l.OOE-05 
7.62E-10 
9.92E-01 
l.OOE+OO 
1.46E-04 
l.OOE+OO 
9.68E-01 
1.52E-05 
l.59E-06 
3.30E-09 
3.68E-04 
2.06E-Ol 
l.50E-06 
7.72E-03 
3.32E-38 
1.95E-04 
3.47E-04 
5.19E-06 
3.55E-1 5 
1.0lE-1 6 
4.97E-13 
3.39E-17 
5.71E-13 
2.98E-ll 
2.23E-ll 
7.05E-Ol 
1.llE-04 
6.38E-Ol 
5.41E-06 
1.07E-07 
4.82E-04 
4.85E-ll 
1.80E-Ol 
6.66E-02 
2.20E-07 
2.46E-l l 
3.97E-13 
3.54E-02 
7.36E-06 
6.llE-09 
l.30E-09 
3.95E-08 
1.16E-14 
2.03E-05 
9.50E-05 
l.15E-16 
5.67E-12 
4.60E-09 
8.71E-07 
8.63E-07 
2.74E-17 
8.51E-10 
5.93E-13 
8.39E-ll 
3.53E-10 
3.56E-17 
1.41E-l l 
5.22E-55 
2.90E-32 
l.37E-04 
1.28E-l l 
1.91E-04 
5.54E-05 
2.86E-17 
2.09E-15 
4.64E-04 
5.44E+Ol 
5.056 
-0.487 
5 
1.00E-05 
8.67E-10 
9.92E-Ol 
l.OOE+OO 
l.65E-04 
l.OOE+OO 
9.69E-Ol 
l.l lE-05 
2.1 8E-06 
3.76E-09 
3.06E-04 
l.25E-Ol 
2.06E-06 
7.73E-03 
3.32E-38 
1.95E-04 
2.60E-04 
5.32E-06 
3.72E-15 
1.07E-16 
3.71E-13 
4.76E-17 
5.85E-13 
4.18E-ll 
2.29E-ll 
7.04E-Ol 
8. l IE-05 
6.38E-01 
7.42E-06 
l.22E-07 
4.0lE-04 
6.82E-ll 
l.80E-Ol 
6.65E-02 
3.02E-07 
3.45E-1 l 
4.07E-13 
3.54E-02 
7.35E-06 
8.37E-09 
1.48E-09 
3.28E-08 
l.63E-14 
2.03E-05 
9.50E-05 
4.0IE-17 
2.71E-12 
3.02E-09 
7.85E-07 
l.07E-06 
2.00E-17 
8.50E-10 
8.14E-13 
6.27E-11 
2.71E-10 
2.80E-17 
l.03E-ll 
2.02E-55 
l.13E-32 
l.30E-04 
l.71E-ll 
l.81E-04 
5.27E-05 
l.98E-17 
l.45E-15 
2.81E-04 
5.44E+Ol 
5.193 
-0.502 
Output from HCh Program 
6 
1.00E-05 
9.48E-10 
9.92E-Ol 
l.OOE+OO 
l.78E-04 
l.OOE+OO 
9.70E-Ol 
8.13E-06 
2.96E-06 
4.20E-09 
2.51E-04 
7.56E-02 
2.80E-06 
7.74E-03 
3.32E-38 
l.95E-04 
l.95E-04 
5.42E-06 
3.87E-15 
l.l IE-16 
2.78E-1 3 
6.59E-17 
5.96E-13 
5.79E-l l 
2.33E-ll 
7.04E-Ol 
5.97E-05 
6.37E-Ol 
l.OlE-05 
l.36E-07 
3.30E-04 
9.45E-ll 
l.80E-01 
6.64E-02 
4. lOE-07 
4.78E-l l 
4.14E-13 
3.54E-02 
7.34E-06 
l.14E-08 
l.66E-09 
2.69E-08 
2.25E-14 
2.03E-05 
9.50E-05 
l.44E-17 
l.32E-12 
2.00E-09 
7.08E-07 
1.31E-06 
1.47E-17 
8.50E-10 
l.llE-12 
4.70E-ll 
2.07E-10 
2.18E-17 
7.54E-12 
8.0lE-56 
4.49E-33 
l .25E-04 
2.28E-l 1 
1.74E-04 
5.07E-05 
1.40E-17 
l.02E-15 
l.70E-04 
5.44E+Ol 
5.326 
-0.517 
7 
l.OOE-05 
1.0lE-09 
9.92E-Ol 
1.00E+OO 
l .88E-04 
1.00E+OO 
9.71E-Ol 
6.07E-06 
3.96E-06 
4.55E-09 
2.03E-04 
4.57E-02 
3.75E-06 
7.74E-03 
3.31E-38 
l.95E-04 
l.48E-04 
5.50E-06 
3.97E-15 
1.14E-16 
2.llE-13 
8.95E-17 
6.04E-13 
7.86E-ll 
2.36E-ll 
7.04E-Ol 
4.46E-05 
6.37E-Ol 
l.35E-05 
l.48E-07 
2.67E-04 
l.28E-10 
l.80E-Ol 
6.64E-02 
5.49E-07 
6.49E-ll 
4.20E-13 
3.54E-02 
7.33E-06 
l.52E-08 
l.79E-09 
2.18E-08 
3.05E-14 
2.03E-05 
9.50E-05 
5.43E-18 
6.68E-13 
l.36E-09 
6.43E-07 
1.59E-06 
l.IOE-17 
8.49E-10 
l.48E-12 
3.56E-ll 
l.59E-10 
l.70E-17 
5.63E-12 
3.34E-56 
l.87E-33 
l.21E-04 
3.0lE-11 
l.69E-04 
4 .93E-05 
l.OlE-17 
7.44E-16 
1.03E-04 
5.44E+Ol 
5.452 
-0.531 
8 
l.OOE-05 
l.05E-09 
9.92E-Ol 
l.OOE+OO 
l.93E-04 
l.OOE+OO 
9.71E-Ol 
4.65E-06 
5.17E-06 
4.68E-09 
l.61E-04 
2.76E-02 
4.90E-06 
7.74E-03 
3.31E-38 
l.95E-04 
1.14E-04 
5.55E-06 
4.04E-15 
l.16E-16 
l.63E-13 
l.18E-16 
6.IOE-13 
l.03E-10 
2.38E- ll 
7.04E-01 
3.42E-05 
6.37E-Ol 
l.76E-05 
l.52E-07 
2.llE-04 
l.69E-10 
l.80E-Ol 
6.63E-02 
7.16E-07 
8.54E-ll 
4.24E-13 
3.53E-02 
7.33E-06 
l.98E-08 
l.85E-09 
l.72E-08 
4.02E-14 
2.03E-05 
9.50E-05 
2.23E-18 
3.58E-13 
9.51E-10 
5.88E-07 
l.90E-06 
8.39E-18 
8.49E-10 
l.93E-12 
2.75E-ll 
1.24E-10 
l.34E-17 
4.32E-12 
l.50E-56 
8.42E-34 
l.l9E-04 
3.90E-ll 
l.66E-04 
4.85E-05 
7.62E-18 
5.59E-16 
6.24E-05 
5.44E+Ol 
5.568 
-0.544 
9 
l.OOE-05 
l.08E-09 
9.92E-Ol 
l.OOE+OO 
l.96E-04 
l.OOE+OO 
9.71E-01 
3.70E-06 
6.49E-06 
4.46E-09 
l.22E-04 
l.67E-02 
6.15E-06 
7.75E-03 
3.31E-38 
1.95E-04 
9.12E-05 
5.57E-06 
4.08E-15 
l.17E-16 
1.30E- 13 
l.49E-16 
6.12E-13 
l.30E-10 
2.40E-11 
7.04E-Ol 
2.72E-05 
6.37E-01 
2.21E-05 
l.45E-07 
l.60E-04 
2.13E-10 
l.80E-Ol 
6.63E-02 
8.98E-07 
l.08E-10 
4.25E-13 
3.53E-02 
7.32E-06 
2.49E-08 
1.76E-09 
1.30E-08 
5.07E-14 
2.03E-05 
9.50E-05 
1.05E-18 
2.llE-13 
7.03E-10 
5.45E-07 
2.21E-06 
6.68E-18 
8.49E-10 
2.43E-12 
2.20E-ll 
9.97E-ll 
1.08E-17 
3.44E-12 
7.57E-57 
4.26E-34 
1.18E-04 
4.87E-ll 
l.65E-04 
4.80E-05 
6.0lE-18 
4.42E-16 
3.77E-05 
5.44E+Ol 
5.667 
-0.555 
10 
l.OOE-05 
l.IOE-09 
9.92E-Ol 
l.OOE+OO 
l.97E-04 
l.OOE+OO 
9.71E-Ol 
3.13E-06 
7.68E-06 
3.77E-09 
8.71E-05 
l.OlE-02 
7.28E-06 
7.75E-03 
3.31E-38 
l.95E-04 
7.72E-05 
5.57E-06 
4.08E-15 
1.17E-16 
l.IOE-13 
l.76E-16 
6.1 3E-13 
l.54E-10 
2.40E-ll 
7.04E-Ol 
2.30E-05 
6.37E-Ol 
2.62E-05 
l.23E-07 
1.14E-04 
2.52E-10 
l.80E-Ol 
6.62E-02 
1.06E-06 
1.27E-IO 
4.25E- 13 
3.53E-02 
7.32E-06 
2.95E-08 
1.49E-09 
9.33E-09 
6.00E-14 
2.03E-05 
9.50E-05 
5.97E-19 
1.42E-13 
5.62E-10 
5.16E-07 
2.48E-06 
5.65E-18 
8.49E-10 
2.87E-12 
1.86E-ll 
8.44E-ll 
9.13E-18 
2.91E-12 
4.57E-57 
2.57E-34 
1.18E-04 
5.76E-ll 
1.65E-04 
4.80E-05 
5.08E-18 
3.73E-16 
2.28E-05 
5.44E+Ol 
5.74 
-0.563 
Step 
Gold 
I.Gold Dep 
Quartz 
Pyrite 
I.Pyrite Dep 
Muscovite 
H20 (*) 
H+ 
OH-
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04 (aq) 
02(aq) 
H2(aq) 
H2S (aq) 
HS-
S2--
S203--
S02 (aq) 
S03-- . 
HS03-
S04--
HS04-
Cl-
HCI (aq) 
Na+ 
NaOH (aq) 
NaC03-
NaHC03 (aq: 
NaS04-
NaCl (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KC! (aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04 (aq) 
Ca Cl+ 
CaC12 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOH aq 
Au(OH)2-
AuHS aq 
Au(HS)2-
Au2(HS)2S--
AuCI2-
Au+++ 
AuCI4-
Fe++ 
FeS04 (aq) 
FeCl+ 
FeCI2 (aq) 
Fe+++ 
FeCI++ 
CH4 (aq) 
Water (mo!) 
pH 
Eh(V) 
11 
1.00E-05 
1.l lE-09 
9.92E-01 
Appendix 5.2.2 
Boiling with Kaolinite Equilibration (le4), T=280°C 
12 13 
J.OOE-05 1.00E-05 
J.l IE-09 1.1 OE-09 
9.92E-01 9.92E-Ol 
14 
1.00E-05 
1.07E-09 
9.92E-Ol 
15 
1.00E-05 
1.04E-09 
9.92E-01 
16 
1.00E-05 
1.0IE-09 
9.92E-01 
17 
1.00E-05 
9.84E-10 
9.92E-01 
18 
1.00E-05 
9.58E-10 
9.92E-01 
19 
1.00E-05 
9.35E-10 
9.92E-01 
1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO l.OOE+OO 1.00E+OO 1.00E+OO 
1.94E-04 1.88E-04 1.78E-04 1.63E-04 1.43E-04 1.21E-04 9.66E-05 7.12E-05 4.51E-05 
1.00E+OO 
9.71E-01 
2.88E-06 
8.35E-06 
2.70E-09 
5.74E-05 
6.12E-03 
7.91E-06 
7.75E-03 
3.31E-38 
1.95E-04 
7.07E-05 
5.55E-06 
4.05E-15 
1.16E-16 
LOlE-13 
1.90E-16 
6.lOE-13 
1.67E-10 
2.39E-l l 
7.04E-Ol 
2.12E-05 
6.37E-Ol 
2.85E-05 
8.78E-08 
7.54E-05 
2.73E-10 
1.80E-01 
6.62E-02 
1.15E-06 
l.38E-10 
4.23E- 13 
3.53E-02 
7.32E-06 
3.20E-08 
1.07E-09 
6.14E-09 
6.50E-14 
2.03E-05 
9.50E-05 
4.52E-19 
1.17E-13 
5.03E-10 
5.02E-07 
2.62E-06 
5.19E-1 8 
8.49E-10 
3.12E-12 
1.71E-ll 
7.70E-l 1 
8.30E-18 
2.68E-12 
3.56E-57 
2.00E-34 
1.19E-04 
6.28E-l 1 
1.66E-04 
4.84E-05 
4.70E-18 
3.46E-16 
l.38E-05 
5.44E+Ol 
5.776 
-0.567 
1.00E+OO 1.00E+OO 
9.71E-01 9.71E-01 
2.95E-06 3.42E-06 
8.13E-06 7.03E-06 
J.55E-09 7.07E-JO 
3.39E-05 1.78E-05 
3.71E-03 2.26E-03 
7.71E-06 6.66E-06 
7.75E-03 7.75E-03 
3.3 lE-38 3.3 lE-38 
J.95E-04 J.95E-04 
7.20E-05 ·8.20E-05 
5.50E-06 5.42E-06 
3.98E-15 3.86E-15 
1.14E-1 6 
1.03E-13 
l.84E-16 
6.05E-13 
1.61E-10 
2.37E-11 
7.04E-01 
2.17E-05 
6.37E-01 
2.77E-05 
5.05E-08 
4.45E-05 
2.64E-10 
l.80E-01 
6.61E-02 
1.12E-06 
1.33E-10 
4.19E-13 
3.53E-02 
7.32E-06 
3.12E-08 
6.13E-10 
3.63E-09 
6.27E-14 
2.03E-05 
9.50E-05 
4.94E-19 
1.25E-13 
5.21E-10 
5.06E-07 
2.57E-06 
5.33E-1 8 
8.49E-10 
3.04E-12 
1.74E-11 
7.77E-11 
8.30E-18 
2.75E-12 
3.85E-57 
2.17E-34 
1.21E-04 
6.17E-11 
l.69E-04 
4.92E-05 
4.92E-18 
3.61E-16 
8.38E-06 
5.44E+Ol 
5.765 
-0.565 
1.l!E-16 
1.17E-13 
J.56E-16 
5.96E-13 
l.37E-10 
2.33E-ll 
7.04E-Ol 
2.51E-05 
6.37E-01 
2.40E-05 
2.30E-08 
2.34E-05 
2.25E-JO 
l.80E-01 
6.61E-02 
9.70E-07 
1.13E-10 
4.13E-13 
3.52E-02 
7.32E-06 
2.70E-08 
2.79E-10 
1.91E-09 
5.34E-14 
2.03E-05 
9.50E-05 
8.02E-19 
J.75E-13 
6.32E-10 
5.32E-07 
2.34E-06 
6.17E-18 
8.49E-JO 
2.63E-12 
1.98E-11 
8.72E- 11 
9.18E-18 
3.18E-12 
5.96E-57 
3.36E-34 
1.25E-04 
5.42E-ll 
1.74E-04 
5.08E-05 
5.86E-1 8 
4.31E-16 
5. lOE-06 
5.44E+Ol 
5.701 
-0.558 
1.00E+OO 
9.71E-01 
4.30E-06 
5.58E-06 
2.71E- JO 
8.62E-06 
1.37E-03 
5.29E-06 
7.75E-03 
3.31E-38 
1.95E-04 
1.0lE-04 
5.30E-06 
3.70E-15 
1.06E-16 
1.44E-13 
1.22E-16 
5.83E-13 
1.07E-10 
2.28E-ll 
7.04E-01 
3.17E-05 
6.38E-01 
J.91E-05 
8.82E-09 
1.13E-05 
1.75E-10 
l.80E-Ol 
6.61E-02 
7.70E-07 
8.78E-ll 
4.04E-13 
3.52E-02 
7.32E-06 
2.14E-08 
l.07E-JO 
9.23E-JO 
4.15E-14 
2.03E-05 
9.51E-05 
J.73E-18 
3.00E-13 
8.60E-10 
5.74E-07 
2.00E-06 
7.77E-18 
8.49E-JO 
2.09E-12 
2.44E-11 
l.05E-10 
l.08E-17 
4.00E-12 
1.19E-56 
6.71E-34 
l.30E-04 
4.40E-11 
l .82E-04 
5.30E-05 
7.7 1E-18 
5.67E-16 
3.JOE-06 
5.44E+Ol 
5.601 
-0.547 
l.OOE+OO 
9.71E-01 
5.53E-06 
4.34E-06 
9.98E-11 
4.08E-06 
8.36E-04 
4. llE-06 
7.75E-03 
3.31E-38 
l.95E-04 
1.27E-04 
5.16E-06 
3.50E-15 
1.00E-16 
l.80E-13 
9.20E-17 
5.68E-13 
8.08E-11 
2.22E-11 
7.04E-01 
4 .07E-05 
6.38E-01 
1.48E-05 
3.25E-09 
5.36E-06 
l.32E-10 
1.80E-01 
6.60E-02 
5.98E-07 
6.65E-11 
3.93E-13 
3.52E-02 
7.32E-06 
J.67E-08 
3.94E-11 
4.37E-10 
3.14E-14 
2.03E-05 
9.51E-05 
4.0lE-18 
5.40E-13 
J.20E-09 
6.24E-07 
J.69E-06 
9.99E-18 
8.49E-10 
l.62E-12 
3.05E-ll 
l.28E-10 
l.29E-17 
5.15E-12 
2.53E-56 
l.43E-33 
l.37E-04 
3.51E-l l 
l.92E-04 
5.59E-05 
l.05E-17 
7.69E-16 
1.89E-06 
5.44E+Ol 
5.492 
-0.535 
l.OOE+OO 
9.71E-Ol 
6.96E-06 
3.45E-06 
3.84E-11 
1.97E-06 
5.08E-04 
3.27E-06 
7.75E-03 
3.31E-38 
1.95E-04 
1.54E-04 
5.02E-06 
3.31E-15 
9.46E-17 
2.20E-13 
7. llE-17 
5.51E-13 
6.24E-11 
2.16E-ll 
7.04E-01 
5.12E-05 
6.38E-01 
l.18E-05 
l.25E-09 
2.59E-06 
l.02E-1 0 
l.80E-01 
6.60E-02 
4.75E-07 
5.13E-l l 
3.81E-13 
3.52E-02 
7.32E-06 
l.32E-08 
l.51E-11 
2. l!E-10 
2.43E-14 
2.03E-05 
9.51E-05 
8.60E-1 8 
9.21E-1 3 
l.63E-09 
6.74E-07 
l.46E-06 
l.26E-17 
8.49E-10 
l.29E-12 
3.73E-11 
l.52E-10 
l.48E-17 
6.47E-12 
5.04E-56 
2.84E-33 
l.46E-04 
2.87E-ll 
2.03E-04 
5.93E-05 
l.39E-17 
l.02E-15 
l.15E-06 
5.44E+Ol 
5.393 
-0.524 
Output from HCh Program 
l.OOE+OO 
9.71E-01 
8.45E-06 
2.84E-06 
1.58E-11 
l.OOE+OO 
9.71E-01 
9.95E-06 
2.41E-06 
6.93E-12 
9 .86E-07 5.09E-07 
3.09E-04 1.88E-04 
2.69E-06 2.29E-06 
7.75E-03 7.75E-03 
3.3 lE-38 3.3 IE-38 
l.95E-04 l.95E-04 
l .82E-04 2.08E-04 
4.87E-06 4.73E-06 
3.12E-15 2.94E-15 
8.92E-17 
2.60E-13 
5.68E-17 
5.35E-13 
4.99E-l 1 
2.09E-1 1 
7.04E-Ol 
6.22E-05 
6.38E-01 
9.70E-06 
5.14E-10 
l.30E-06 
8.16E-11 
1.80E-01 
6.59E-02 
3.91E-07 
4.lOE-11 
3.70E-13 
3.52E-02 
7.32E-06 
l.09E-08 
6.23E-12 
1.06E-10 
1.94E-14 
2.03E-05 
9.51E-05 
l.64E-17 
l.45E-12 
2.12E-09 
7.19E-07 
1.28E-06 
1.53E-17 
8.49E- 10 
l.06E-12 
4.39E-11 
l.74E-10 
·1.65E-17 
7.87E-12 
9.03E-56 
5.09E-33 
J.54E-04 
2.44E-11 
2.16E-04 
6.29E-05 
l.80E-17 
l.32E-15 
6.97E-07 
5.44E+Ol 
5.308 
-0.515 
8.42E-17 
2.97E-13 
4.69E-17 
5.20E-13 
4.12E-ll 
2.03E-l 1 
7.04E-Ol 
7.32E-05 
6.38E-Ol 
8.24E-06 
2.25E-10 
6.69E-07 
6.74E-11 
l.80E-Ol 
6.59E-02 
3.32E-07 
3.38E-11 
3.59E-13 
3.51E-02 
7.32E-06 
9.26E-09 
2.73E-12 
5.45E-l l 
J.60E-14 
2.03E-05 
9.51E-05 
2.83E-17 
2.1 2E-12 
2.63E-09 
7.60E-07 
1.15E-06 
l.80E-17 
8.49E-10 
9.03E-13 
5.02E-l l 
J.93E-10 
J.78E-17 
9.26E-12 
1.47E-55 
8.30E-33 
1.64E-04 
2.13E-l l 
2.29E-04 
6.67E-05 
2.24E-17 
1.65E-15 
4.23E-07 
5.44E+Ol 
5.237 
-0.507 
l.OOE+OO 
9.71E-Ol 
1.14E-05 
2. JJE-06 
3.20E-12 
2.69E-07 
1.14E-04 
2.00E-06 
7.75E-03 
3.31E-38 
1.95E-04 
2.32E-04 
4.60E-06 
2.78E-15 
7.95E-17 
3.31E-13 
3.98E-17 
5.05E-13 
3.49E- ll 
l.98E-l l 
7.04E-Ol 
8.40E-05 
6.38E-01 
7.19E-06 
l.04E- JO 
3.54E-07 
5.71E-ll 
J.80E-Ol 
6.59E-02 
2.89E-07 
2.86E-11 
3.49E-13 
3.5JE-02 
7.32E-06 
8.08E-09 
l.26E-12 
2.88E-ll 
l.36E-14 
2.03E-05 
9.51E-05 
4.47E-17 
2.92E-12 
3.16E-09 
7.95E-07 
1.05E-06 
2.06E-17 
8.49E-10 
7.87E-13 
5.60E-l l 
2.09E-10 
1.87E-17 
l.06E-l l 
2.22E-55 
1.25E-32 
J.73E-04 
1.91E-11 
2.42E-04 
7.06E-05 
2.72E-17 
2.00E-15 
2.57E-07 
5.43E+O l 
5.178 
-0.501 
20 
l.OOE-05 
9.16E- 10 
9.92E-Ol 
21 
1.00E-05 
8.99E-10 
9.92E-Ol 
9.99E-Ol 9.99E-Ol 
l.84E-05 -8.80E-06 
l.OOE+OO 
9.71E-Ol 
1.28E-05 
1.87E-06 
l.54E-12 
1.45E-07 
6.91E-05 
l.78E-06 
7.75E-03 
3.31E-38 
1.95E-04 
2.54E-04 
4.47E-06 
2.63E-15 
7.53E-17 
3.62E-13 
3.44E- 17 
4.92E-13 
3.02E-ll 
l.92E-11 
7.04E-Ol 
9.44E-05 
6.38E-Ol 
6.39E-06 
4.99E-ll 
1.91E-07 
4.94E-11 
l.80E-Ol 
6.58E-02 
2.57E-07 
2.48E-l l 
3.39E-13 
3.51E-02 
7.32E-06 
7.19E-09 
6.05E-1 3 
l.56E-11 
l.17E-14 
2.03E-05 
9.51E-05 
6.61E-17 
3.84E-12 
3.69E-09 
8.27E-07 
9.69E-07 
2.32E-17 
8.49E-10 
7.0lE-13 
6.12E-11 
2.23E- 10 
l.94E-17 
l.19E-1 l 
3.16E-55 
1.78E-32 
1.83E-04 
l.75E-11 
2.56E-04 
7.46E-05 
3.23E-17 
2.38E-1 5 
l.56E-07 
5.43E+Ol 
5.127 
-0.495 
l.OOE+OO 
9.71E-01 
1.42E-05 
l.69E-06 
7.62E-13 
7.97E-08 
4.19E-05 
1.61E-06 
7.75E-03 
3.31E-38 
1.95E-04 
2.74E-04 
4 .36E-06 
2.50E-15 
7.14E-17 
3.90E-13 
3.03E-17 
4.79E-13 
2.66E-11 
l.87E-11 
7.04E-01 
1.04E-04 
6.38E-01 
5.78E-06 
2.48E-ll 
l.05E-07 
4.35E-11 
l.80E-01 
6.58E-02 
2.32E-07 
2.1 8E-ll 
3.30E-13 
3.51E-02 
7.32E-06 
6.50E-09 
3.00E-13 
8.54E-12 
1.03E-14 . 
2.03E-05 
9.51E-05 
9.25E-17 
4 .86E-12 
4.23E-09 
8.56E-07 
9.06E-07 
2.56E-17 
8.49E-10 
6.33E-1 3 
6.60E-11 
2.34E-10 
1.98E-17 
1.32E-1 l 
4.27E-55 
2.41E-32 
1.93E-04 
l.62E-ll 
2.69E-04 
7.86E-05 
3.77E-17 
2.77E-15 
9.47E-08 
5A3E+Ol 
5.083 
-0.49 
Step 
Gold 
IGold Dep 
Quartz 
Pyrite 
LPyrite Dep 
Muscovite 
H20 (*) 
H+ 
OH-
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04 (aq) 
02(aq) 
H2 (aq) 
H2S (aq) 
HS-
S2--
S203--
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH (aq) 
NaC03-
NaHC03 (aq: 
NaS04-
NaCI (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCI (aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04 (aq) 
Ca Cl+ 
CaCl2 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOHaq 
Au(OH)2-
AuHS aq 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4 (aq) 
Water (mol) 
pH 
Eh (V) 
Appendix 5.2.2 
Boiling with Kaolinite Equilibration (le4), T=280°C 
22 23 24 25 26 27 28 29 30 31 32 
1.00E-05 1.00E-05 1.00E-05 l.OOE-05 l.OOE-05 1.00E-05 l.OOE-05 1.00E-05 1.00E-05 1.00E-05 1.00E-05 
8.85E-10 8.74E-10 8.64E-10 8.56E-10 8.49E-10 8.44E-10 8.39E-10 8.35E-IO 8.33E-10 8.30E-10 8.29E-IO 
9.92E-01 9.92E-OI 9.92E-01 9.92E-01 9.92E-01 9.92E-OI 9.92E-01 9.92E-01 9.92E-01 9.92E-01 9.92E-01 
9.99E-01 9.99E-01 9.99E-0 1 9.99E-01 9.99E-OI 9.99E-01 9.99E-01 9.99E-01 9.99E-01 9.99E-01 9.99E-Ol 
-3.63E-05 -6.41E-05 -9.22E-05 -1.21E-04 -1.49E-04 -l.78E-04 -2.07E-04 -2.36E-04 -2.66E-04 -2.95E-04 -3.25E-04 
1.00E+OO 
9.71E-01 
1.55E-05 
1.55E-06 
3.88E-1 3 
4.43E-08 
2.54E-05 
1.47E-06 
7.75E-03 
3.31E-38 
1.95E-04 
2.91E-04 
4.25E-06 
2.37E-15 
6.79E-17 
4.16E-13 
2.71E-17 
4.67E-13 
1.00E+OO 1.00E+OO 
9.71E-01 9.71E-0 1 
1.67E-05 l.79E-05 
1.44E-06 l.34E-06 
2.0lE-13 1.06E-13 
2.49E-08 l.41E-08 
1.54E-05 9.36E-06 
l.36E-06 l.27E-06 
7.75E-03 7.75E-03 
3.3 lE-38 3.3 IE-38 
1.95E-04 1.95E-04 
3.07E-04 3.21E-04 
4.15E-06 4.05E-06 
2.26E-15 2.16E-15 
6.47E-17 6.17E-17 
4.38E-1 3 4.59E-13 
2.44E-17 2.23E-17 
4.56E-13 4.45E-13 
2.38E-11 2.15E-11 1.96E-11 
I.74E-11 
7.04E-01 
1.32E-04 
6.38E-01 
4.57E-06 
3.46E-12 
1.85E-08 
3.20E-11 
l.80E-01 
6.57E-02 
1.84E-07 
1.60E-11 
3.06E-13 
3.50E-02 
7.32E-06 
5.14E-09 
4.20E-14 
1.51E-12 
7.60E-15 
2.03E-05 
9.51E-05 
2.02E-16 
8.41E-12 
5.78E-09 
9.26E-07 
7.75E-07 
3.24E-17 
8.49E-10 
5.0IE-13 
7.75E-11 
2.55E-10 
2.0IE-17 
1.67E-11 
8.63E-55 
4.87E-32 
2.23E-04 
l.38E-11 
3.12E-04 
9.llE-05 
5.52E-17 
4.06E-15 
2. l IE-08 
5.43E+Ol 
1.83E-11 1.78E-1 I 
7.04E-01 7.04E-01 
1.14E-04 1.23E-04 
6.38E-01 ' 6.38E-01 
5.29E-06 4.90E-06 
1.26E-11 6.55E-12 
5.83E-08 3.27E-08 
3.89E-l 1 3.51E-1 l 
1.80E-O 1 1.80E-O 1 
6.57E-02 6.57E-02 
2.13E-07 
l.94E-11 
3.22E-13 
3.51E-02 
7.32E-06 
5.95E-09 
1.53E-13 
4.75E-12 
9.23E-15 
2.03E-05 
9.51E-05 
1.24E-16 
5.97E-12 
4.75E-09 
8.81E-07 
8.55E-07 
2.80E-17 
8.49E-10 
5.80E-1 3 
7.03E-11 
2.43E-10 
2.00E-17 
1.44E-11 
5.56E-55 
3.13E-32 
2.03E-04 
l.52E-11 
2.84E-04 
8.27E-05 
4.33E-17 
3.18E-15 
5.74E-08 
5.43E+OI 
5.045 
-0.486 
1.97E-07 
1.76E-11 
3.14E-13 
3.50E-02 
7.32E-06 
5.51E-09 
7.94E-14 
2.67E-12 
8.34E-15 
2.03E-05 
9.51E-05 
1.61E-16 
7.16E-12 
5.27E-09 
9.05E-07 
8.12E-07 
3.02E-17 
8.49E-10 
5.37E-13 
7.41E- 11 
2.50E- 10 
2.0lE-17 
1.56E-11 
7.02E-55 
3.96E-32 
2.13E-04 
1.45E-11 
2.98E-04 
8.69E-05 
4.91E-17 
3.61E-15 
3.49E-08 
5.43E+OI 
5.011 
-0.483 
4.981 
-0.479 
1.00E+OO 1.00E+OO 
9.71E-Ol 9.71E-Ol 
1.91E-05 2.02E-05 
1.26E-06 1.l 9E-06 
5.71E-14 3.lOE-14 
8.04E-09 4.6 IE-09 
5.68E-06 3.45E-06 
1.l 9E-06 1. l 3E-06 
7.75E-03 7.75E-03 
3.31E-38 3.31E-38 
1.95E-04 1.95E-04 
3.34E-04 3.46E-04 
3.96E-06 3.87E-06 
2.06E-15 1.97E-15 
5.90E-1 7 5.65E-17 
4.77E-13 4.93E-13 
2.05E-17 1.89E-17 
4.35E-13 4.26E-13 
1.80E-l l 
1.70E-l l 
7.05E-Ol 
1.40E-04 
6.38E-O l 
4.30E-06 
1.86E-12 
1.06E-08 
2.94E-l l 
1.80E-Ol 
6.56E-02 
1.72E-07 
1.47E-l l 
2.99E-13 
3.50E-02 
7.32E-06 
4.83E-09 
2.25E-14 
8.61E-13 
6.98E-15 
2.03E-05 
9.52E-05 
2.49E-16 
9.72E-12 
6.28E-09 
9.45E-07 
7.44E-07 
3.44E-17 
8.49E-10 
4.71E-13 
8.06E-11 
2.60E-10 
2.00E-17 
l.78E-l l 
1.04E-54 
5.86E-32 
2.34E-04 
l.33E-l l 
3.27E-04 
9.53E-05 
6.14E-17 
4.52E-15 
l.28E-08 
5.43E+Ol 
4.954 
-0.476 
1.66E-11 
1.67E-l l 
7.05E-Ol 
l.49E-04 
6.38E-01 
4.07E-06 
1.0IE-12 
6.06E-09 
2.72E-11 
1.80E-01 
6.56E-02 
1.63E-07 
l.36E-11 
2.92E-13 
3.50E-02 
7.32E-06 
4.57E-09 
1.22E-14 
4.94E-13 
6.46E-15 
2.03E-05 
9.52E-05 
3.00E-16 
1.l IE-1 1 
6.77E-09 
9.63E-07 
7.17E-07 
3.64E-17 
8.49E-10 
4.45E-13 
8.34E-l l 
2.63E-10 
1.98E-17 
1.88E-11 
1.23E-54 
6.93E-32 
2.44E-04 
l.28E-l l 
3.41E-04 
9.96E-05 
6.79E-17 
4.99E-15 
7.78E-09 
5.43E+Ol 
4.93 
-0.474 
1.00E+OO 
9.71E-Ol 
2.12E-05 
1.13E-06 
1.70E-14 
2.66E-09 
2.09E-06 
1.07E-06 
7.75E-03 
3.31E-38 
1.95E-04 
3.56E-04 
3.79E-06 
1.89E-15 
5.41E-17 
5.08E-1 3 
1.76E-17 
4.17E-13 
l.55E-11 
1.63E-11 
7.05E-Ol 
l.56E-04 
6.38E-Ol 
3.87E-06 
5.52E-13 
3.50E-09 
2.53E-11 
l.80E-OI 
6.55E-02 
1.55E-07 
1.26E-ll 
2.86E-13 
3.50E-02 
7.32E-06 
4.34E-09 
6.69E-15 
2.85E- 13 
6.0IE- 15 
2.03E-05 
9.52E-05 
3.55E-16 
l.25E-ll 
7.24E-09 
9.80E-07 
6.94E-07 
3.83E-17 
8.49E-10 
4.23E-13 
8.59E-1 1 
2.65E- 10 
l.95E-17 
l.98E-l l 
l.43E-54 
8.07E-32 
2.55E-04 
l.25E-l l 
3.56E-04 
l.04E-04 
7.45E- 17 
5.48E-15 
4.72E-09 
5.43E+Ol 
4.908 
-0.471 
Output from HCh Program 
1.00E+OO 
9.71E-Ol 
2.22E-05 
1.08E-06 
9.39E-1 5 
1.54E-09 
l.27E-06 
l.02E-06 
7.75E-03 
3.31E-38 
1.95E-04 
3.66E-04 
3.72E-06 
1.82E-15 
5.20E-1 7 
5.22E-13 
1.65E-17 
4.08E-13 
1.45E-1 1 
l.60E-l l 
7.05E-01 
l.64E-04 
6.38E-01 
3.69E-06 
3.05E-13 
2.02E-09 
2.37E-11 
l.81E-01 
6.55E-02 
1.48E-07 
1.18E-11 
2.80E-13 
3.49E-02 
7.32E-06 
4.15E-09 
3.70E-15 
1.65E-13 
5.63E-15 
2.03E-05 
9.52E-05 
4.14E-16 
l.39E-1 I 
7.71E-09 
9.95E-07 
6.73E-07 
4.0IE-17 
8.49E-10 
4.04E-13 
8.82E-11 
2.67E-10 
1.92E-17 
2.07E- ll 
1.64E-54 
9.28E-32 
2.65E-04 
l.21E-11 
3.71E-04 
l.08E-04 
8.13E-17 
5.97E-15 
2.86E-09 
5.43E+Ol 
4.888 
-0.469 
1.00E+OO 
9.71E-Ol 
2.32E-05 
1.04E-06 
5.23E-15 
8.95E-10 
7.69E-07 
9.82E-07 
7.75E-03 
3.31E-38 
1.95E-04 
3.74E-04 
3.64E-06 
1.75E-15 
5.00E-1 7 
5.34E-13 
l.55E-17 
4.0 lE- 13 
l.36E-11 
1.57E-11 
7.05E-01 
1.71E-04 
6.38E-Ol 
3.54E-06 
l.70E-1 3 
l.18E-09 
2.23E-11 
l.8 1E-01 
6.55E-02 
1.41E-07 
1. l lE-11 
2.75E-13 
3.49E-02 
7.32E-06 
3.97E-09 
2.06E-15 
9.59E-14 
5.29E-15 
2.03E-05 
9.52E-05 
4.77E-16 
l.54E-11 
8.1 6E-09 
l.OIE-06 
6.54E-07 
4.1 9E-17 
8.49E-10 
3.87E-13 
9.02E-11 
2.67E-10 
1.89E-17 
2. 16E-ll 
1.87E-54 
1.05E-31 
2.76E-04 
1.19E-l l 
3.86E-04 
l.13E-04 
8.82E-17 
6.49E- 15 
l .74E-09 
5.43E+Ol 
4.87 
-0.467 
1.00E+OO 
9.7 1E-01 
2.41E-05 
9.96E-07 
2.93E-15 
5.22E-10 
4.67E-07 
9.44E-07 
7.75E-03 
3.31E-38 
1.95E-04 
3.82E-04 
3.58E-06 
1.68E-15 
4.81E-17 
5.45E-13 
1.46E-1 7 
3.93E-13 
1.28E-11 
1.54E-l l 
7.05E-Ol 
1.78E-04 
6.38E-01 
3.40E-06 
9.54E-14 
6.87E-1 0 
2.lOE-11 
1.81E-01 
6.54E-02 
l.36E-07 
1.05E-11 
2.69E-13 
3.49E-02 
7.33E-06 
3.82E-09 
l.16E-15 
5.59E-14 
4.99E-15 
2.03E-05 
9.52E-05 
5.44E-16 
1.68E- 11 
8.60E-09 
1.02E-06 
6.37E-07 
4.36E-1 7 
8.49E-10 
3.72E-13 
9.21E-11 
2.68E- 10 
1.86E-17 
2.25E- 1 I 
2. lOE-54 
l.19E-31 
2.87E-04 
l.16E-11 
4.0lE-04 
l.17E-04 
9.54E- 17 
7.0IE-15 
1.05E-09 
5.43E+Ol 
4.853 
-0.465 
1.00E+OO 
9.71E-OI 
2.50E-05 
9.60E-07 
1.65E-15 
3.05E-1 0 
2.83E-07 
9.lOE-07 
7.75E-03 
3.3 1E-38 
1.95E-04 
3.89E-04 
3.51E-06 
1.62E-15 
4.64E-1 7 
5.54E-13 
l.38E-17 
3.86E-13 
1.22E-11 
1.51E-11 
7.05E-O l 
1.84E-04 
6.38E-01 
3.28E-06 
5.38E-14 
4.02E-10 
1.99E-11 
1.81E-01 
6.54E-02 
l.31E-07 
9.89E-12 
2.64E-1 3 
3.49E-02 
7.33E-06 
3.68E-09 
6.52E-16 
3.27E-14 
4.72E-15 
2.03E-05 
9.52E-05 
6.15E-16 
1.83E-11 
9.03E-09 
1.04E-06 
6.22E-07 
4.52E-17 
8.49E-10 
3.59E-13 
9.37E-l 1 
2.68E-10 
1.82E-17 
2.33E-l 1 
2.35E-54 
l.32E-31 
2.98E-04 
1.14E-11 
4.16E-04 
l.21E-04 
1.03E-16 
7.54E-15 
6.39E-1 0 
5.43E+Ol 
4.837 
-0.463 
1.00E+OO 
9.71E-Ol 
2.59E-05 
9.28E-07 
9.38E-16 
1.79E-10 
1.72E-07 
8.80E-07 
7.75E-03 
3.31E-38 
1.95E-04 
3.95E-04 
3.45E-06 
1.56E-15 
4.47E-17 
5.63E-13 
1.31E-17 
3.79E-13 
1.15E-l l 
1.48E-11 
7.05E-01 
1.91E-04 
6.38E-01 
3. 17E-06 
3.05E-14 
2.35E-10 
1.89E-11 
1.81E-01 
6.53E-02 
1.27E-07 
9.38E-12 
2.59E-13 
3.49E-02 
7.33E-06 
3.56E-09 
3.69E-16 
1.92E-14 
4.48E-15 
2.03E-05 
9.52E-05 
6.88E-16 
1.98E- 1 l 
9.45E-09 
1.05E-06 
6.08E-07 
4.67E-17 
8.49E-10 
3.47E-13 
9.52E-11 
2.67E-10 
1.79E-17 
2.41E-ll 
2.60E-54 
1.47E-31 
3.08E-04 
1.12E-l l 
4.3 1E-04 
1.26E-04 
1.IOE-16 
8.09E-15 
3.88E-10 
5.43E+Ol 
4.822 
-0.462 
Appendix 5.2.2 
Boiling with Kaolinite Equilibration (le4), T=280°C 
Step 33 34 35 36 37 38 39 40 
Gold l.OOE-05 l.OOE-05 l.OOE-05 l.OOE-05 l.OOE-05 l.OOE-05 l.OOE-05 l.OOE-05 
IGoldDep 
Quartz 
Pyrite 
IPyrite Dep 
Muscovite 
H20(*) 
H+ 
OH-
C03--
HC03-
H2C03 (aq) 
H3Si04-
H4Si04(aq) 
02 (aq) 
H2 (aq) 
H2S (aq) 
HS-
S2--
S203--
S02 (aq) 
S03--
HS03-
S04--
HS04-
Cl-
HCl(aq) 
Na+ 
NaOH(aq) 
NaC03-
NaHC03 (aq: 
NaS04-
NaCl (aq) 
K+ 
KOH(aq) 
KS04-
KHS04(aq) 
KCl(aq) 
Ca++ 
CaOH+ 
CaC03 (aq) 
CaHC03+ 
CaS04(aq) 
Ca Cl+ 
CaCl2 (aq) 
Al+++ 
AIOH++ 
Al(OH)2+ 
Al(OH)3 (aq) 
Al(OH)4-
Au+ 
AuOHaq 
Au(OH)2-
AuHS aq 
Au(HS)2-
Au2(HS)2S--
AuCl2-
Au+++ 
AuCl4-
Fe++ 
FeS04 (aq) 
FeCI+ 
FeCl2 (aq) 
Fe+++ 
FeCI++ 
CH4(aq) 
Water (mo!) 
pH 
Eh(V) 
8.28E-10 8.27E-10 8.26E-10 8.26E- IO 8.26E-10 8.27E-10 8.27E-10 8.28E-10 
9.92E-Ol 9.92E-Ol 9.92E-Ol 9.92E-01 9.92E-Ol 9.92E-Ol 9.92E-OI 9.92E-OI 
9.99E-01 9.99E-Ol 9.99E-Ol 9.99E-OI 9.99E-Ol 9.99E-01 9.99E-Ol 9.99E-01 
-3.55E-04 -3.85E-04 -4.15E-04 -4.45E-04 -4.75E-04 -5 .06E-04 -5.36E-04 -5.67E-04 
l.OOE+OO 
9.71E-Ol 
2.67E-05 
8.99E-07 
5.34E-16 
l.05E-10 
l.04E-07 
8.52E-07 
7.75E-03 
3.31E-38 
l.95E-04 
4.0lE-04 
3.39E-06 
l.51E-15 
4.32E-17 
5.72E-13 
l.25E-17 
3.72E-13 
1.IOE-11 
l.46E-11 
7.05E-01 
l.97E-04 
6.38E-01 
3.07E-06 
l.74E-14 
l.38E-10 
l.80E-11 
l.81E-01 
6.53E-02 
l.23E-07 
8.93E-12 
2.55E-13 
3.48E-02 
7.33E-06 
3.45E-09 
2.IOE-16 
1.13E-14 
4.27E-15 
2.03E-05 
9.52E-05 
7.65E-16 
2.14E-ll 
9.86E-09 
l.06E-06 
5.96E-07 
4.82E-17 
8.49E-10 
3.36E-13 
9.66E-ll 
2.66E-10 
l.75E-17 
2.49E-ll 
2.86E-54 
l.61E-31 
3.19E-04 
1.l lE-11 
4.46E-04 
1.30E-04 
l.1 8E-16 
8.64E-15 
2.35E-10 
5.43E+Ol 
4.808 
-0.46 
l.OOE+OO 
9.71E-Ol 
2.75E-05 
8.73E-07 
3.05E-16 
6.20E-ll 
6.32E-08 
8.28E-07 
7.75E-03 
3.31E-38 
l.95E-04 
4.06E-04 
3.33E-06 
l.46E-15 
4.18E-17 
5.79E-13 
l.20E-17 
3.66E-13 
l.05E-ll 
l.43E-ll 
7.05E-Ol 
2.03E-04 
6.38E-Ol 
2.98E-06 
9.93E-15 
8.1 5E-l l 
l.72E-11 
l.81E-Ol 
6.53E-02 
1.19E-07 
8.52E-12 
2.50E-13 
3.48E-02 
7.33E-06 
3.35E-09 
l.20E-16 
6.64E-15 
4.07E-15 
2.03E-05 
9.52E-05 
8.45E- 16 
2.29E-ll 
l.03E-08 
l.07E-06 
5.84E-07 
4 .97E-17 
8.49E- 10 
3.27E-13 
9.78E-ll 
2.65E-10 
l.72E-17 
2.57E-l l 
3.12E-54 
l.76E-31 
3.30E-04 
l.09E-11 
4.61E-04 
l.35E-04 
l.25E-16 
9.21E-15 
l.43E-10 
5.43E+Ol 
4.795 
-0.459 
l.OOE+OO 
9.71E-01 
2.83E-05 
8.49E-07 
l.75E-16 
3.66E-11 
3.83E-08 
8.05E-07 
7.75E-03 
3.31E-38 
l.95E-04 
4.lOE-04 
3.28E-06 
l.41E-15 
4.04E-17 
5.86E-13 
1.14E-17 
3.60E-13 
l.OOE-11 
l.41E-ll 
7.05E-Ol 
2.08E-04 
6.39E-Ol 
2.90E-06 
5.70E-15 
4.81E-11 
l.64E-ll 
l.81E-01 
6.52E-02 
l.16E-07 
8. 15E-12 
2.46E-13 
3.48E-02 
7.33E-06 
3.26E-09 
6.90E-17 
3.92E-15 
3.90E-15 
2.03E-05 
9.52E-05 
9.27E-16 
2.44E-11 
l.06E-08 
l.08E-06 
5.74E-07 
5.ll E-17 
8.49E-10 
3.18E-13 
9.90E-11 
2.64E-10 
l.68E-17 
2.64E-11 
3.39E-54 
l.92E-31 
3.41E-04 
l.08E-l l 
4.77E-04 
l.39E-04 
l.33E-16 
9.78E-15 
8.66E-l l 
5.43E+Ol 
4.783 
-0.458 
l.OOE+OO 
9.71E-Ol 
2.9 1E-05 
8.27E-07 
l.OlE-16 
2.16E-11 
2.33E-08 
7.84E-07 
7.75E-03 
3.31E-38 
l.95E-04 
4.15E-04 
3.23E-06 
l.37E-15 
3.92E-17 
5.92E-13 
l.lOE-17 
3.55E-13 
9.63E-12 
l.39E-ll 
7.05E-Ol 
2.14E-04 
6.39E-01 
2.83E-06 
3.28E-15 
2.84E-11 
l.57E-ll 
l.81E-Ol 
6.52E-02 
l.12E-07 
7.81E-12 
2.42E-13 
3.48E-02 
7.33E-06 
3.17E-09 
3.97E-17 
2.31E-15 
3.74E-15 
2.03E-05 
9.52E-05 
l.OIE-15 
2.60E-ll 
l.lOE-08 
l.09E-06 
5.64E-07 
5.25E-17 
8.49E-10 
3.09E- 13 
l.OOE-10 
2.62E-IO 
l.65E-17 
2.71E-ll 
3.67E-54 
2.07E-31 
3.52E-04 
l.07E-11 
4.92E-04 
l .44E-04 
l.41E-16 
l.04E-14 
5.25E-ll 
5.43E+Ol 
4.772 
-0.456 
l.OOE+OO 
9.71E-Ol 
2.98E-05 
8.07E-07 
5.82E-17 
l.28E-ll 
l.41E-08 
7.65E-07 
7.75E-03 
3.31E-38 
l.95E-04 
4.19E-04 
3.18E-06 
l.33E-15 
3.80E-17 
5.97E-13 
l.05E-17 
3.49E-13 
9.25E-12 
l.37E- ll 
7.05E-Ol 
2.19E-04 
6.39E-Ol 
2.76E-06 
l.89E-15 
l.68E-ll 
l.51E-ll 
l.81E-O l 
6.51E-02 
1.IOE-07 
7.49E-12 
2.38E-13 
3.47E-02 
7.33E-06 
3.lOE-09 
2.29E-17 
l.37E-15 
3.59E-15 
2.03E-05 
9.53E-05 
1.IOE-1 5 
2.75E-11 
1.14E-08 
1.IOE-06 
5.55E-07 
5.38E-17 
8.49E-10 
3.02E-13 
l.OIE-10 
2.61E-10 
l.61E-17 
2.78E-ll 
3.96E-54 
2.23E-31 
3.63E-04 
l.06E-ll 
5.08E-04 
l.48E-04 
l.49E-16 
l.lOE-14 
3.18E-l 1 
5.43E+Ol 
4.761 
-0.455 
l.OOE+OO 
9.71E-01 
3.05E-05 
7.88E-07 
3.37E-17 
7.57E-12 
8.55E-09 
7.47E-07 
7.75E-03 
3.31E-38 
l.95E-04 
4.22E-04 
3.13E-06 
l.29E-15 
3.69E-17 
6.02E-1 3 
l.OIE-17 
3.44E-13 
8.90E-12 
l.35E-l l 
7.05E-01 
2.25E-04 
6.39E-01 
2.69E-06 
1.IOE-15 
9.96E-12 
l.46E-ll 
l.81E-01 
6.51E-02 
l.07E-07 
7.21E-12 
2.34E-13 
3.47E-02 
7.33E-06 
3.02E-09 
l.33E-17 
8.l !E-16 
3.45E-15 
2.03E-05 
9.53E-05 
1.19E-15 
2.91E-ll 
1.18E-08 
l.l lE-06 
5.46E-07 
5.50E- 17 
8.49E-10 
2.95E-13 
l.02E-10 
2.59E-IO 
l.58E-17 
2.84E-ll 
4.25E-54 
2.40E-31 
3.75E-04 
l.05E-ll 
5.23E-04 
l.53E-04 
l.57E- 16 
l.16E-14 
l.93E-l I 
5.43E+OI 
4.751 
-0.454 
Output from HCh Program 
l.OOE+OO 
9.71E-OI 
3.12E-05 
7.71E-07 
l.96E-17 
4.49E-12 
5.19E-09 
7.3 lE-07 
7.75E-03 
3.31E-38 
l.95E-04 
4.25E-04 
3.08E-06 
l.25E-15 
3.58E-17 
6.07E-13 
9.77E-18 
3.39E-13 
8.58E-12 
l.33E-l l 
7.05E-Ol 
2.30E-04 
6.39E-Ol 
2.63E-06 
6.36E-16 
5.91E-12 
l.40E-11 
l.81E-01 
6.51E-02 
l.05E-07 
6.94E-12 
2.31E-13 
3.47E-02 
7.33E-06 
2.96E-09 
7.70E-18 
4.81E-16 
3.33E-15 
2.03E-05 
9.53E-05 
l.28E-15 
3.07E-ll 
l.21E-08 
l.12E-06 
5.38E-07 
5.63E-17 
8.49E-10 
2.88E-1 3 
l.03E-10 
2.57E-10 
l.54E-17 
2.91E-ll 
4.54E-54 
2.56E-31 
3.86E-04 
l.04E-ll 
5.39E-04 
l.57E-04 
l.66E-1 6 
l.22E-14 
1.17E-l 1 
5.43E+Ol 
4.741 
-0.453 
l.OOE+OO 
9.71E-Ol 
3.18E-05 
7.55E-07 
l.14E-17 
2.67E-12 
3.15E-09 
7.15E-07 
7.75E-03 
3.31E-38 
l.95E-04 
4.28E-04 
3.04E-06 
l.22E-15 
3.48E-17 
6.l lE-13 
9.43E-18 
3.34E-13 
8.28E-12 
l.31E-ll 
7.05E-Ol 
2.35E-04 
6.39E-Ol 
2.58E-06 
3.70E-16 
3.51E-12 
l.35E-ll 
l.81E-Ol 
6.50E-02 
l.02E-07 
6.69E-12 
2.27E-13 
3.47E-02 
7.33E-06 
2.90E-09 
4.48E-18 
2.86E-16 
3.21E-15 
2.03E-05 
9.53E-05 
l.38E-15 
3.22E-ll 
l.25E-08 
1.12E-06 
5.31E-07 
5.75E-17 
8.49E- 10 
2.82E-13 
l.03E-10 
2.55E-10 
l.51E-17 
2.97E-ll 
4.84E-54 
2.73E-3 l 
3.97E-04 
l.04E-ll 
5.55E-04 
l .62E-04 
l.74E-16 
l.28E-14 
7.l lE-12 
5.43E+Ol 
4.732 
-0.452 
